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apparatus,  mentioning  the  various  difficulties  encountered,  and  sug- 
gests remedies  for  same.  The  importance  of  high  vacuum  in  turbine 
work  is  discussed.  Results  arc  given  of  a  test  on  looo-kw  Parsons 
turbine  of  the  Hartford  Electric  Light  Company  by  the  committee's 
engineers.  Report  contains  tables,  cur\es,  diagrams,  illustrations 
of  turbine   parts,   and   tabulated   data   of   importance. 

Discussion  by   McCabe,    Kruesi,   Eglin,     136   to   172,   211,   2t2. 

Hall,  David.  The  Paramount  Importance  of  Selection  of  Standard  in 
Preference  to  Special  Machinery:  The  author  claims  the  following 
advantages  to  both  purchaser  and  manufacturer:  a  standard  machine 
is  a  tried  machine,  its  weak  points  have  been  corrected,  tests  have 
established  its  efficiency  and  capacity,  its  various  parts  have  been 
perfected,  it  has  been  more  improved  and  simplified  than  a  new 
special  machine.  In  case  of  necessity  spare  parts  can  be  obtained 
with  least  delay  or  expense.  A  standard  machine,  owing  to  its 
greater  simplicity  and  the  number  in  operation  elsewhere,  is  better 
understood  by  new  help.  The  price  of  standard  machinery  is  much 
better  and  deliveries  are  quicker.  Some  of  the  disadvantages  of 
special  machinery:  they  are  untried,  less  improved,  more  complicated. 
New  plans,  patterns  and  parts  cause  deliveries  to  be  long  delayed. 
Spare  parts  hard  to  obtain.  Prices  are  higher,  and  machine  often 
does  not  satisfy  any  better  than  a  standard,  In  case  of  expansion, 
necessitating  disposal  of  old  machinery,  special  machines  can  not  be 
adapted  to  conditions  where  standard  could  be  used.  Author  recom- 
mends, therefore,  that  bids  be  so  worded  as  to  allow  the  manufacturer 
a  certain  amount  of  leeway.  State  conditions  and  work  to  be  done 
and  let  manufacturer  prescribe  the  machine. 
Discussion  by  McCabe,  Hartman.    50  to  54. 

Hancock,  W.  P.  The  Organisation  of  IVorking  Forces  in  Large  Power- 
Houses:  The  generating  department  organization  of  the  Boston 
Edison  Company  taken  as  an  illustration.  The  paper  has  three  main 
headings:  The  Steam  Division;  The  Electrical  Division;  The  Stor- 
age-Battery Division.  These  are  again  subdivided  into  the  following 
titles :  The  Steam  Division :  Chief  Engineer ;  First  Assistant  Engi- 
neer; Watch  Engineers;  The  Oilers;  The  Boiler-Room;  The  Water 
Tenders;  The  Firemen.  The  Electrical  Division  has  the  following 
subdivisions:  The  Chief  Operator;  Assistant  Operator;  Watch 
Operator.  The  Storage-Battery  Division  is  subdivided  into  Head  of 
Department  and  Assistant  Head  of  Department.  Under  each  sub- 
division arc  described  the  duties  and  responsibilities  of  the  various 
employees ;  the  treatment  of  help ;  their  selection  and  the  question  of 
wages. 

Discussion   by  Jackson,   Kruesi,  Hartman,   Honnold,   Scovil,   Dun- 
ham.     116  to  135. 

Incalls,  Percy.  Advertising  Methods:  The  report  deals  with  the 
various  methods  of  advertising  employed  hy  central  stations,  as  sent 
in  answer  to  the  author's  circular  of  inquiry.  These  are  treated  in 
detail  under  the  following  headings:  Newspapers;  Monthly  Bulletins; 
Novelties ;  Calendars  ;  Street-Car  Advertising;  Electric  Signs;  Display- 
Rooms:  An  Advertising  Campaign.  The  paper  is  profusely  illustrated 
by  reproductions  of  letters,  pamphlets,  bulletins  and  various  devices 
used  in  an  advertising  campaign.    319  to  343. 

Discussion    by    Watson,    Emerick,    Allen,    Aycr,    Sells,    Willcox, 
Martin,  Russell,  Gardiner,  Gilchrist,  Lee,  Ingalls.    368  to  387. 


Kruesi,  August  H,  Operating  Features  of  Vertical  Curtis  Steam 
Turbines:  Th«  author  discusses  the  following  features:  Balance; 
Bearings  and  Lubrication;  Step  Bearing;  Valves  and  Governors; 
Clearance;  Auxiliaries;  Condenser  Bases;  Low-Pressure  and  High- 
Pressure  Turbines;  Steam  Piping;  Steam  Consumption.  Report  is 
illustrated  by  curves,  diagrams  and  tables. 
Discussion  by  McCabe.     173  to  188,  211,  212. 

Lee,  C.  W.  Free  Signs  and  Flat  Rates:  Free  electric  signs  are  a  means 
of  obtaining  new  and  long-hour  customers.  Soon  pay  for  themselves. 
Illumination  of  bill-boards.  A  large  portion  of  the  sign  load  can 
be  removed  from  the  peak  by  the  adoption  of  flat-rate  schedules, 
charging  regular  rates  for  the  first  two  hours  and  low  rates  there- 
after. Same  could  be  done  for  window  illumination  after  closing 
hours  and  on  Sundays.  Under  illumination  of  bill-boards,  the  author 
advocates  arrangement  of  a  combined  meeting  of  representatives  of 
the  association  and  the  National  Bill-Posters'  Association  to  devise 
means  for  establishing  a  uniform  rate  for  lighting  of  bill-boards 
throughout  the  country.  The  advertising  agencies  would  then  have 
a  definite  basis  for  estimating  the  cost  of  illuminated  bill-board  adver- 
tising and  thereby  be  able  to  allot  a  definite  percentage  of  their  total 
advertising  to  this  medium. 

Discussion  by  Hammond,  the  President.  Gilchrist,  Ingalls,  Hewitt, 
C.  F.,  Rollins,  Lee,  McCabe,  Williams.    351  to  366. 

Lloyd,  E.  W,  Report  on  Purcltased  Electric  Power  in  Factories:  Due 
to  the  great  improvements  made  in  central-station  generating  appa- 
ratus and  consequent  reduction  of  selling  price,  the  greater  part  of 
factory  loads  will  in  the  near  futui'e  be  supplied  by  centra!  stations. 
The  author  deals  only  with  the  installation  of  large  motors.-  the  suc- 
cess of  supplying  small  customers  being  no  longer  in  doubt.  The 
question  of  price  per  kilowatt  is  not  always  the  most  important  con- 
sideration. The  company's  agent  should  be  a  man  properly  trained 
along  this  line.  He  should  thoroughly  understand  factory  conditions, 
from  the  generation  of  steam  to  the  economical  operation  of  indi- 
vidual machines  themselves.  The  many  advantages  of  purchased 
electric  power  make  it  profitable  even  at  its  comparative  higher  cost. 
Emphasis  is  placed  upon  the  proper  motor  installation  for  each  case. 
The  author  enumerates  the  various  items  making  up  the  total  cost 
of  operating  an  isolated  plant.  The  rest  of  the  paper  contains  tabu- 
lated data  of  information  received  from  different  companies  showing 
the  use  of  electricity  in  the  various  industries. 

Discussion  by  Dunham,  the   President,   Gille,  Eglin,  Emerick,  Gil- 
christ.   431  to  472. 

MacGahan,  Paul.  Automatic  Synchronising  of  Generators  and  Roiaries: 
The  various  methods  of  synchronizing  are  described  and  their  short- 
comings pointed  out.  The  requirements  of  an  ideal  synchronizer 
enumerated.  A  new  type  of  synchronizer  by  the  Westinghouse  Com- 
pany, the  mechanism  and  working  of  which  are  detailed  by  the 
author,  is  claimed  to  answer  all  reqitirements.  Paper  contains  photo- 
graphs and  diagrams.    79  to  89. 

Maktjn,  T.  Commerford.  Report  of  the  Committee  on  Progress:  Report 
is  a  summary  of  the  progress  made  in  the  electrical  art  and  industry 
during  the  year  1904.  The  following  headings  are  discussed  by  the 
author:  Statistics  of  the  Industry;  Growth  in  America;  Cultivation  of 
Small  Customers;  New  Central-Station  Work;  The  Problem  Abroad; 
Old  and  New  Illuminants;  Impregnated  Carbon  Arc  Lamps;  Mercury- 


Vapor  Arc;  Other  Illuminants;   Electric  Heating;   Tantalum   Incan- 
descent Lamp;   The  Osmium   Lamp;   The  Cadmium   Lamp;   Electric 
Power  for  Refrigeration. 
Discussion  by  Williams,  Eglin,  Dow,  Scovil.    13  to  41,  107  to  ii5- 

Maunsell,  C.  R.  Retort  of  the  Committee  on  District  Heating.  For 
synopsis  see  Blood,  W.  H.,  Jr. 

MoULTROP,  L  E.  Report  of  the  Committee  for  the  Investigation  of  the 
Steam  Turbine.    For  synopsis  see  Eglin,  W.  C.  L. 

NiEsz,  HouER  E.    Question  Box.    Volume  IL 

Renshaw,  Clarence.  Series  Alternating-Current  Motors  for  Industrial 
IP'orIc:  Description  of  a  series  single-phase  commutator-type  motor 
for  operation  of  cranes,  hoists  and  similar  machinery.  This  motor 
has  in  general  the  same  characteristics  as  the  direct-current  series 
motor,  I.  e.,  large  starting  torque;  torque  increasing  much  more  than 
the  current ;  speed  varying  inversely  as  the  load.  Method  of  speed 
control,  and  type  of  brakes  employed,  are  also  described.  Paper 
is  illustrated  by  cuts  of  various  apparatus  and  performance  curves. 
191  to  202. 

Roberts^  E.  R.  The  Nemst  Lamp — Its  Present  Performance  and  Com- 
mercial Status:  The  paper  gives  the  results  of  a  series  of  photo- 
metric and  life  tests  on  standard  Nemst  lamps,  made  by  the  Nernst 
Lamp  Company.  Tests  made  were  on  the  one,  two,  three,  four  and 
six-glower  lamps.  Different  kinds  of  gla.ssware  were  used.  Paper  is 
illustrated  by  tables,  curves,  diagrams  and  reproductions  of  photo- 
graphs. The  advantages  claimed  for  the  Nernst  lamp  are  quality 
of  color,  steadiness,  economy  and  neat  appearance.  The  multiglower 
type  compares  very  favorably  with  the  arc  lamp,  and  the  smaller 
size  makes  it  possible  for  central  stations  to  compete  with  the 
multiple-burner  gas  unit. 

Discussion     by     Hazard,     Roberts,     Williams,     Russell,     Dunham. 
256  to  277. 

Skinnes.  C.  E.  Insulation  Testing — Apparatus  and  Methods:  The 
author  discusses  the  elements  that  should  be  considered  in  the  design, 
selection  and  use  of  apparatus  for  making  dielectric  tests.  The  fol- 
lowing should  be  taken  into  consideration:  maximum  testing  voltage, 
frequency,  static  capacity  of  apparatus,  variation  and  measurement 
of  testing  voltage,  provision  for  locating  faults,  portability  of  appa- 
ratus, rating  of  testing  transformers.  Testing  methods  are  described 
and  diagrams  given.    55  to  77. 

Speer,  Hon.  Robert  W.,  Mayor  of  Denver.  Address  of  Welcome  to  the 
Twenty-eighth  Convention:  In  welcoming  the  members  to  Denver 
the  mayor  mentions  the  great  resources  and  the  fruitfulness  of  the 
soil,  the  hcalthfulncss  and  variety  of  the  climate,  and  the  prospect  in 
store  for  future  developers.    2,  3. 

Stewart,  Robert  S.,  and  Auex  Dow.  Report  on  Present  Methods  of 
Protection  from  Lightning  and  Other  Static  Disturbances.  For  sum- 
mary sec  Dow,  Alex. 

Vredenburgh,  LaRue.  Sign  and  Decorative  Lighting:  Author  proposes 
to  treat  the  subject  from  the  commercial  point  of  view.  The  wide- 
awake merchant  alway.s  looks  for  new  methods  of  obtaining  new  trade. 
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The  large  increase  of  electric  signs  shows  the  popularity  of  this 
method  of  advertising.  It  pays  the  central  station  to  carry  on  a  per- 
sistent and  systematic  advertising  campaign.  Place  the  sign  business 
in  the  hands  of  an  expert  who  can  advise  a  prospective  customer  on 
size  and  style  of  sign  most  efficient  and  economical  for  his  purpose. 
Many  municipalities  place  a  restriction  on  the  size  and  position  of 
sign.  Decorative  lighting  by  means  of  the  Elblight  system  and  the 
mmiature  decorative  lamp  sets.  Illuminated  bill-boards;  the  talk- 
ing sign.    344  to  350. 

Wagoner,  P.  D.  Mercury-Arc  Rectifier:  Author  discusses  the  various 
methods  of  converting  alternating  current  to  direct  current  e.m.f. 
The  motor-generator,  single-phase  rotary  converter  and  mechanical 
and  chemical  converters  are  discussed-  The  theory  of  the  mercury- 
arc  rectifier  is  expounded  and  the  use  of  reactance  in  conjunction 
therewith  explained.  The  means  of  starting,  operating  and  main- 
taining the  rectifier  are  taken  up,  as  also  the  efficiency,  capacity  and 
power  factor.  Use  of  the  rectifier  for  charging  storage  batteries  is 
lully  treated  and  other  possible  uses  are  intimated.  Paper  is  illus- 
trated by  curves,  diagrams  and  photographs. 
Discussion  by  Wagoner,  Blood,  Dow.    303  to  318. 

Wallace,  R.   S.    Report  of  the  Committee  on  District  Heating.     For 
synopsis  see  Blood,  W.  H.,  Jr. 
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Address  of  Mayor  Speer  of  Denver.    2. 

of  the  president.    6  to  12. 

of  newly-elected  president.    474,  475. 
Advertising,  free  signs  and  flat  rates,  bill-board  illumination,  uniformity 
of  rate  of.    351  to  366. 

for  new  business  in  places  from  7000  to  15,000  population,  discussion 
on.    371  to  387. 

methods.    319  to  343. 

results  from  systematic.     17,  355,  et  seq. 
Aluminum   conductors,    use   of,    in    long-distance   transmission    in    Cali- 
fornia.   233. 
Alternating-current  series  motor.    191  to  202. 
Amendments  to  by-laws.    472,  473. 

results  of.    8. 
Arc  lamp,  Blondel.    28,  29. 

Bremer.    28,  29. 

impregnated  carbon.    28,  29. 

magnetite.    30. 

mercury-vapor.      28,  29. 
Arc  lights,  cables  used  for  installations  of.    295. 
Armored  cable.    300. 
Arrester,  horn-gap  lightning.    219. 
Arresters,  lightning.    234  to  255. 

Association  of  Licensed  Manufacturers  of  Incandescent  Lamps,  appropria- 
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Automatic  synchronizing  of  generators  and  rotaries.    79  to  88. 
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Blondel  lamp,  data  on.    28,  29. 

Boiler-room,    organization    of    working    forces    in    large    power-houses. 
122  to  126. 

Brakes  for  cranes.    197  to  199. 
Bremer  lamp.    28,  29. 
Bulletins.    322  to  327. 


Cable,  choice  of.    291  to  302. 
band,  iron-armored.    300. 
cost  of,  at  different  e.m.f's.    293. 
installation  of  sub-aqueous  lines  of.    299. 
lead-sheathed.    296. 
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Cable,  multi-conductor.    295. 

used  in  arc-light  service.    295. 

varnished  cambric.    298. 
Cadmium  lamp.     3^,  39. 
Capacity,   static,   of   cables   under    insulation    test    and   output   of    trans- 
former therefor.    57. 
Carbons,  impregnated.    28. 
Casode  converter.    92. 
Central-station  industry,  statistics  of.     13  to  17. 

industry,  growth  of,  in  America.     16,  17. 

plants,  earnings  of.     13. 
Centra!  stations,  new  features  of,  in  1904.     19  to  25. 
Clearance  in  steam  turbines.     177  to  179. 
Committee,  executive,  report  of.    484. 

for  the  investigation  of  the  steam  turbine,  report  of.     Ij6  to  172. 

on  amendments,  appointment  of.     318. 

on  amendments,  report  of.    472,  473. 

on  district  heating,  report  of.     410  to  430. 
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on    present    methods   of    protection    from    lightning    and    other    static 
disturbances.    234  to  255. 

on  president's  addre."is,  report  of.    475  to  477. 

on  progress,  report  of.     13  to  41. 

on  rates  and  costs,  report  of.     480, 

on  relations  with  kindred  organizations,   report  of.    484. 

on    standard    rules    for    electrical    construction    and    operation,    report 
of.    484. 
Condensers,   synchronous  motors  used  as  rotary  condensers  to  regulate 

power  factor  of  transmission  line.    283  to  290. 
Condensing  apparatus  for  steam  turbines.     154  to  163. 
Conductors,  choice  of  insulated  cable.    291  to  302. 
Controllers  for  series  alternating-current  motors.     195  to  197. 
Cooling  coil,   use  of,   in   steam-heating  installations.    423. 
Cooper  Hewitt  lamp.    29,  30. 
Consolidation  of  plants,  instances  of,    21   to  23. 
Cranes,  series  alternating-current  motor  for.     191  to  202. 
Current,  consumption  of,  by  sign  illumination.     351. 

consumption  of,  by  various  industries.    431  to  472. 
Curtis  turbine.     142  to  I48. 

vertical,  steam  turbine.     173  to  188. 
Customers,  small,  cultivation  of.     17  to  19. 
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Day  load  carried  on  economically  by  manufacturing  salt  as  a  by-product 

20,  21. 
Decorative  lighting.    344  to  350. 
De  Laval  turbine.     136  to  172. 
Detroit  plant,  main  features  of.    21. 
Display-room,  as  a  means  of  advertising.    333,  334. 
Ducts  for  cables,  economy,  cost  and  carrying  capacity.    293,  295,  299. 
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Efficiency  of  various  illumtnants.    37. 

Elblight  system.    349. 

Elect  ion  of  officers.    473,  474. 

Electric  heating,  report  on  progress  of.    388  to  408. 

Electric  power  for  refrigeration,  cost  of,  compared  with  ice.    39,  40. 

Electric  signs.    328,  331,  344  to  355. 

Elevator,  new  type  of  single-phase  motor  for  elevator  work.    203  to  211. 

electric  versus  hydraulic.    203,  204. 
England,  electric  industry  in.     14. 

Entertainment  of  members  at  Denver  and  Colorado  Springs.    485  to  487. 
Europe,  lighting  situation  in  London  and  Paris.    25,  26. 
Executive  committee,  amendment  regarding.     472,  473. 

committee,  report  of.    484. 

session.    472  to  484. 
Exhaust  steam,  use  of,  for  salt-brine  evaporation,    ao,  21. 


Factories,  report  on  purchased  electric  power  in.    431  to  472. 

Field  variation,  use  of,  for  varying  c.m.f.  in  testing  apparatus.    60. 

Flatirons,  electric.    388  to  408. 

Free  signs  and  fiat  rates.    351  to  366. 

Frequency,  25  versus  60  cycles.    91,  193. 

changers.     loi  to  105. 

relation    of,   to   necessary   output   of   transformer   in    testing   insulation 
resistance.    57. 


Garton  arrester.    239. 

Gas  light,  high-pressure,  efficiency  of.    27. 
Welsbach.    27. 

Gasolene  lamp,  efficiency  of.    27. 

General  Electric  lightning  arrester.    237. 

Generation,  the  organization  of  the  working  forces  in  large  power-houses. 

116  to  135. 
Generators,  automatic  synchronizing  of.    79  to  8g, 
Germany,  electric  industry  in.    14  to  16. 

H 

Hamilton-Holrwarth  steam  turbine.     151  to  153. 
Heating  apparatus,  cost  of,  and  cost  of  operation.    400. 
Heating,  electric.    32,  33,  388  to  408. 

hot-water  system  of.    23  to  35,  112,  113. 

hot-water  system  at  Columbus,  Ohio.    23  to  25. 

report  of  the  committee  on  district  steam.    410  to  43D. 
Heating,  steam,  rates  charged  for.    416,  418,  425. 

pressure  used  in.    425. 

rates  charged  for  electric.    393. 

regulation  regarding  installations.    420. 

report  on  progress  of  electric.    338  to  400. 
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Hoists,  series  alternating-current  motor  for.    191  to  202. 
Horn  arrester.    219,  238. 


Illuminants,  old  and  new.    26  to  28. 

see  also  Lamps,  arcs,  incandescent. 

sec  also  Light,  mercury-arc. 
Impregnated  carbon  arc  lamp.    28,  29. 
Incandescent  lamp,  efficiency  of.    27. 

Induction  motor,  comparison  with  series  alternating  motor.    191,  202,  204. 
Induction  motor-generator  sets.    95. 

Induction  motor,  its  effect  upon  the  power  factor  of  transmission  lines. 
279  to  290. 

Inductive  losses,  some  investigations  of.    279  to  290. 
Insulated  cable,  choice  of.    291  to  302.' 
Insulation  for  cables,  types  of.    296. 

testing,  apparatus  and  methods.    55. 

varnished  cambric  for  cables.    298. 
Insulators,    4-part,    used    in    long-distance    transmission    in    California, 
price.    219. 


Japan,  electric  industry  in.    16. 
Kerosene  lamp,  efficiency  of.    27. 
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Lamp,  Nernst.    27,  256  to  277. 
Lamps,  Blondel.    28,  29. 

Bremer.     11. 

cadmium.    38,  39. 

impregnated  carbon.    28,  29. 

magnetite.    30. 

mercury-vapor.    29,  30. 

Moore  tubes.    31,  32. 

osmium.    37,  38. 

tantalum.    33,  37,  42  to  49. 
Legislation  as  affecting  the  interests  of  the  central-station  industry.    6  to  8. 
Library,  need  of,  for  filing  publications  and  papers  of  interest  and  impor- 
tance.    10. 
Lighting  of  small  residences,  field  offered  by.    17  to  19. 
Lighting,  sign,  decorative.    344  to  350. 
Lightning  arrester,  Horn-gap.    219,  238. 

Lightning,  report  on  present  methods  of  protection  from,  and  other  static 
disturbances.    234  to  255. 

arresters.    234  to  255. 
Location  of  faults  in  insulation.    67. 

Long-distance  high-tension  transmission  in  California.    213  to  233. 
Long-hour  burning,  encouraged  by  flat  rates  to  sign  customers.    353. 
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Losses,  inductive.    279  to  290. 

in  high-tension  long-distance  transmission  in  California.    222. 
Lubrication  of  Curtis  turbine.    173  to  176. 
"Lucas  light,"  efficiency  of.    27. 


M 

Machinery,  paramount  importance  of  the  selection  of  standard  in  prefer- 
ence to  special  machinery.    50  to  54. 
Magnetite  lamp.    30. 
Mechanical  rectifier.    303,  304. 
Membership,  growth  of.    8. 
Mercury-arc  rectifiers.    303  to  318. 
Mercury-vapor  arc.    29,  30. 

Meter,  use  of,  in  district  steam-heating  installation^.    418,  423. 
"Millennium  light,"  efficiency  of.    27. 
Moore  tube  lighting.    31,  32. 

Motor,  a  new   tjrpe  of  single-phase,   alternating-current  motor   for   ele- 
vator work.    203  to  211. 

repulsion.    205. 

series  alternating.     191  to  202. 
Motor-generators.    90,  107,  303. 

Motors,  proper  installation  of,  for  factories.    431  to  472. 
Multiconductor  cable.    295. 
Municipal  ownership,  how  combated.    8. 

report  of  Mr.  Williams.    482. 


N 

National  Bill-Posters'  Association,  suggestion  for  meeting  with.    354. 
Nemst  lamp,  efficiency  of.    27. 
the,  its  ■  present  performance  and  commercial  status.     Results  of  tests- 
by  the  Nernst  Lamp  Company.    256  to  277. 
Nominating  committee,  amendment  regarding  selection  of.    472,  473. 
Nomination,  appointment  of  committee  on.    430. 

o 

Oil,  carbonization  of,  in  dry  air  pumps.     161,  162. 

in  turbine  auxiliaries.    161. 

lubrication  of  Curtis  turbine.    173  to  175. 

switches.    225. 
Operating  features  of  vertical  Curtis  steam  turbines.    173  to  188. 
Order  of  business,  first  and  second  sessions.    I. 

third  and  fourth  sessions.     189. 

fifth  and  sixth  sessions.    367. 
Organization  of  working  forces  in  large  power-houses.    116  to  I35> 

Osmium  lamp,  efficiency  of.    27- 

method  of  manufacture.    37,  38. 
Overhead  ground  wires.    241  to  255. 
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Paris,  proposed  changes  of  lighting  system  in.    25. 

Parsons  turbine.    136  to  172. 

Peak,  decreasing  peak  of  load  by  offering  flat  rates  to  sign  customers.    351. 

Pearson  synchronizer.    81. 

Piping,  steam,  for  steam  turbines.     182  to  186. 

for  district  heating.    421  to  425,  428,  429. 
Plants,    long-distance    high-tension    transmission    plants    in    California. 

213  to  233. 
Power  consumption  by  small  customers.     17  to  19. 
Power  factor,  its  relation  to  inductive  losses.    279  to  290. 
Power  for  refrigeration,  cost  of,  compared  with  ice.    39,  40. 

report  on  purchased  electric  power  in  factories.    431  to  472. 

transmission  in  Detroit.     11 1  to  115. 

water,  its  use  in  long-distance  transmission  in  California.    313  to  215. 
President,  retiring,  member  of  executive  committee.    472. 
Progress,  report  of  the  committee  on.    13  to  41. 
Protection  of  low  from  high-tension  lines  in  California.    226. 


Q 

Question  Box   (see  Volume  II).    482,  Volume  I. 


R 

Rates,  free  signs  and  flat.    351  to  366. 

and  costs,  report  of  committee  on.      480. 
Rectifier,  mercury-arc.    303  to  318. 

chemical.    304. 

mechanical.    303,  304. 
Refrigeration,  electric  power  for,  cost  of,  compared  with  ice.    39,  40. 
Report  of  committee  on  amendments.    472,  473. 

of  the  committee  on  district  heating.    410  to  430. 

of  the  committee  for  the  investigation  of  the  steam  turbine.    136  to  172. 

of  committee  on  president's  address.    475  to  477. 

of  the  committee  on  progress.    T.  Commerford  Martin.     13  to  41. 

of  committee  on  relations  with  kindred  organizations.    484. 

of  committee  on  standard  rules  for  electrical  construction  and  opera- 
tion.   484. 

of  executive  committee.    484. 

of  secretary  and  treasurer.    477  to  479. 

on  deceased  members.    482,  483. 

on  present  methods  of  protection  from  lightning  and  other  static  dis- 
turbances.   234  to  255. 

on  progress  of  electric  heating.    388  to  400. 

on  purchased  electric  power  in  factories.    431  to  472. 

on  sign  and  decorative  lighting.    344  to  350. 
Repulsion  motor.    205. 

Resistance,  use  of,  for  varying  e.m.f.  in  high-tension  testing  circuits.    (So. 
Rotary  converters.    90  to  105,  303. 

automatic  synchronizing  of.    79  to  89. 
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Salt,  manufacCtire  of,  br  use  of  exhaust  steam.    20,  21. 

Schuler  motor  for  elevator  work.    203  to  211. 

Series  motor,  alternating-current.     191  to  202. 

Sign  and  decorative  lighting.    344  to  350. 

Signs,  free  signs  and  flat  rates.    351  to  366. 

Single-phase  motor  for  elevator  work.    203  to  211. 

Spark  gap,  use  of,  for  measuring  potential.    66. 

Sparking  of  commutated  induction  motors.    206. 

Standard  machinery,  paramount  importance  of  the  selection  of  standard 
in  preference  to  special  machinery.    50  to  54. 

Starting   of   rotary   converters   and   motor-generators,    with   diagram   of 
connections.    92  to  94,  97  to  99,  loi. 

State  or  sectional  associations,  formation  of.    7,  8. 

Static  disturbances,  report  on  present  methods  of  protection  from  light- 
ning and  other  static  disturbances.    234  to  255. 

Static  voltmeter,  use  of,  in  testing  circuits.    65. 

Steam  consumption  of  Curtis  vertical  turbine.    186  to  188. 

Steam,  use  of,  for  heating  (see  Heating).    410  to  430. 

Storage  battery,  charging,  by  means  of  mercury-arc  rectifier.    314. 
organization  of  working  forces  in  large  power-houses.     116  to  135. 

Street-car  advertising.    328,  383. 

Switch,  break-up,  its  use  in  starting  a  rotary.    93. 

Switches,  outdoor  and  oil,  used  in  long-distance  high-tension  transmission 
of  California.    224. 

Synchronizer,  automatic,  for  generators  and  converters.    79  to  88. 
Pearson.    81. 

Synchronizing,  method  of.    79. 

Synchronoscope,  the.    79. 

Synchronous   motor,   its   use  to   regulate  power   factor   on   transmission 
lines.    283  to  290. 

T 
Talking  sign.    349. 
Tank  arrester.    240,  248,  250. 
Tantalum  incandescent  lamp.    33  to  37. 
Tantalum  incandescent  lamp.  Dr.  Louis  Bell.    42  to  49. 
Tantalum,  preparation  and  properties  of.    34,  35. 
Temperature  for  operation  of  rubber-insulated  cables.    297. 
Testing  insulation,  apparatus  and  methods  of.    55. 
Test  on  looo-kw  Parsons  turbine.     166  to  170. 
Thomson  magnetic  blow-out  arrester.    239. 
Tito  Livio  Carbone  lamp.    27. 

Torque  of  inductk>n  and  series  motor  compared.    192,  193,  200  to  202. 

of  repulsion  motor.    205. 

required  for  elevator  service.    206. 
Transformer,  use  and  kilowatt  capacity  of,  for  tests  on  insulation  resist- 
ance.   57  to  76. 
Transformers,  testing  of.    72. 
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Transmission,  long-distance  and  high-tension,  in  California.    213  to  333.. 
Treasurer,  report  of.    477. 

Turbine,  report  of  committee  for  the  investigation  of  the  steam.    I3(^ 
to  172. 

Turbines.    136  to  188. 
water,  their  use  in  transmission  plants  of  California.    213  to  215. 

u 

Union  labor.     134,  135. 


Vacuum,  importance  of  high,  in  turbine  work.    154  to  157. 
Vacuum-tube  lighting.    31,  32. 

Vertical  Curtis  steam  turbines,  operating  features  of.    173  to  188. 
Vice-presidents,  members  of  executive  committee.    472. 
Voltage,  maximum,  used  for  insulation  tests.    56,  301. 

methods  of  measuring,  for  insulation  testing.    64. 
Voltages  used  in  long-distance  transmission  in  California.    213  to  233. 
Voltmeter  power  consumption  on  high-voltage  circuits.    58,  65. 

static  use  of,  in  insulation  testing  circuits.    65. 
Vote  of  thanks  to  outgoing  president.    484. 

w 

Water-jet  arrester.    239,  243,  244,  248,  251,  252,  254. 

Water  rheostat  for  starting  induction  motor.    105. 

Welsbach  incandescent  gas  light,  efficiency  of.    27. 

Working  forces,  organization  of,  in  large  power-houses.    116  to  135.. 

Wrinkles  (see  Volume  II).    409,  Volume  I. 


Zirconium  lamp,  data  on.    27. 
Zoelly  turbine.     154. 


CONVENTIONS  OF  THE  ASSOCIATION 


First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Ninth 

Tenth 

Eleventh 

Twelfth 

Thirteenth 

Fourteenth 

Fifteenth 

Sixteenth 

Seventeenth 

Eighteenth 

Nineteenth 

Twentieth 

Tiventy-first 

Twenty-second 

Twenty-third 

Twenty-foil  rth 

Twenty-fifth 

Twenty-sixth 

Twenty-seventh 

Twenty-eighth 


Chicago,   February  25,   26^    1885 
New  York,  August   18,    19,  20,   1885 
Baltimore,   February   10,    11,    12,    1886 
Detroit,  August  31,  September  1,  2,  1886 
Philadelphia,  February  15,  16,  17,  1887 
Boston,   August  q,   10,   11,   1887 
Pittsburgh,   February  21,   22,   23,    1888 
New  York,  August  29,  30,  31,    1888 
Chicago,   February   19,  20,   21,    1889 
Niagara  Falls,   August  6,   7,  8,    1889 
Kansas  City,   February   ri,   12,    13,    14, 

1890 
Cape  May,  August   19.  20,   21,    1890 
Providence,   February   17,   18,    19,   1891 
Montreal,    September  7,  8,  9,   10,   1891 
Buffalo,   February  23,   24,  25,   1892 
St.  Louis,  February  28,  March  t.  2,  1893 
Washington^  February  27,  28,  March  i, 

2,    1894 
Cleveland,   February   19,   20,   21,    1895 
New  York,   May  5,  6,  7,   1896 
Niagara  Falls,  June  8,  9,    10,    1897 
Chicago,  June   7,  8,  9,    1898 
New  York,   May  23,  24,   25,    1899 
Chicago,  May  22,  23,  24,   1900 
Niagara  Falls,   May  21,  22,   23,    igor 
Cincinnati,   May  20,   21,   22,   1902 
Chicago,   May  26,  27,   28,   1903 
Boston,   May  24,   25,   26,   1904 
Denver-Colorado  Springs,  June  6,  7,  8, 

9.    10,    II,    1905 


PRESIDENTS  OF  THE  ASSOCIATION 


James  F.  Morrison,  of  Baltimore 
Samuel  A.  Duncan,  of  Pittsburgh 
Edwin  R.  Weeks,  of  Kansas  City 
Marsden  J.   Perry,  of  Providence 
Charles  R.  Huntley,  of  Buffalo 
James  I.  Ayer,  of  St.  Louis 

Edward  A.  Armstrong,  of  Camden 
M.  JuDSON  Francisco,  of  Rutland 
C.  H.  Wilmerding,   of   Chicago 
Frederic  Nicholls,  of  Toronto 
Samuel  Insull,  of  Chicago 
Alden  M.  Young,  of  Waterbury 
Samuel  T.  Carnes,  of  Memphis 
James  Blake  Cahoon,  of  New  York 
Henry  L.  Doherty,  of  Denver 
Louis  A.  Ferguson,  of  Chicago 
Charles  L.  Edgar,  of  Boston 

Ernest  H.   Davis,  of  Williamsport 


HONORARY  MEMBERS 


R.  E.  Crompton,  London,  England 
Marcel  Deprez,  Paris,  France 
George  D.  Forbes,  London,  England 
Prof.  I.  Fujioka,  Tokyo,  Japan 
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*  Dr.  John  Hopkinson,  London,  England 
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Prof.  Sylvanus  B.  Thompson,  Technical  College,  Finsbury,  London,  England 

Prof.  Yashima,  Tokyo,  Japan 

Lord  Kelvin,  Glasgow,  Scotland 

*Prof.  Henry  A.  Rowland,  Johns  Hopkins  University,  Baltimore,  Maryland 

Charles  F.  Brush,  Cleveland,  Ohio 

Thomas  A.  Edison,  Orange,  New  Jersey 

Prof.  Elihu  Thomson,  Lynn,  Massachusetts 

Frank  J.  Sprague,  New  York  City 

George  S.  Bowen,  Elgin,  Illinois 

Prof.  Edward  Weston,  Newark,  New  Jersey 

*Sir  William  Dawson,  .Montreal,  Canada 

Frank  R.  Redpaih,  Montreal,  Canada 

Prof.  Henry  T.  Bovey,  McGill  University,  Montreal,  Canada 

Thomas  D.  Lockwood,  Boston,  Massachusetts 

Nikola  Tesla.  New  York  City 

James  I.  Ayer,  Boston,  Massachusetts 

Cyrus  O.  Baker,  Jr..  New  York  City 

Frederic  Nicholls,  Toronto,  Canada 

•  Deceased 


MEMBER  COMPANIES— CLASS  A 


ALABAMA 

Anniston,  Anniston  Electric  and  Gas  Company 

Birmingham,  Birmingham  Railway,  Light  and  Power  Company 

Demopoi.is,  Deroopolis  Electric  Light  and  Power  Company 

Mobile,  Mobile  Light  and  Railroad  Company 

Montgomery.  Montgomery  Light  and  Water  "Power  Company 

ARIZONA 

Phcenix,  Phoenix  Light  and  Fuel  Company 

Prescott,  The  Prescott  Electric  Company 

Tucson,  The  Tucson  Gas,  hiectric  Light  and  Power  Company 

ARKANSAS 

EuRKKA  Springs,  Citizens'  Electric  Company 

Fort  Smith,  Fort  Smith  Light  and  Traction  Company 

Hot  Springs,  Hot  Springs  Water  Company 

LiTTLK  Rock,  Little  Rock  Railway  and  Electric  Company 

Pine  Bi.ukf,  Pine  Bluff  Light  and  Water  Company 

Texarkana,  Texarkana  Gas  and  Electric  Company 


Eureka, 

FORTUNA, 

Los  Angeles, 


Marysville, 

Monterey, 

Oakland, 

Ontario, 

Oxnard, 

Sacramento, 

San  Francisco, 

San  Leandro, 

Stockton, 


CALIFORNIA 

Eureka  Lighting  Company 

Fortuna  Lighting  Company 

Los  Angeles  Gas  and  Electric  Company 

Pacific  Light  and  Power  Company 

The  Edison  Electric  Company 

Marysville  Gas  and  Electric  Company 

Monterey  County  (ias  and  Electric  Company 

Oakland  Gas,  Light  and  Heat  Company 

Ontario  Power  Company 

Oxnard  Light  and  Water  Company 

Sacramento  Electric,  (Jas  and  Railway  Company 

San  Francisco  Gas  and  Electric  Company 

Suburban  Electric  Light  Company 

Stockton  Gas  and  Electric  Company 


ASPEN, 

Boulder, 


COLORADO 

The  Roaring  Fork  Electric  Light  and  Power  Company 
The  Boulder  Electric  Light  and  Power  Company 
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CaSon  City, 
Colorado  Springs, 
Denver, 

Dlrango, 

Fort  Collins, 

Georgetown, 

Golden, 

Grand  Junction, 

Idaho  Springs, 


Lamar, 

Las  Animas, 
Leadville, 

LiriLETON, 

Louisville, 

Manitou. 

Ouray, 

PUEBI.O, 

Tklluride, 


COLORADO— ConttMMj 

The  Colorado  Light  and  Power  Company 

The  Colorado  Springs  Electric  Company 

Denver  Gas  and  Electric  Company 

The  Mountain  Electric  Company 

Durango  Light  and  Power  Company 

The  Larimer  Light  and  Power  Company 

The  United  Light  and  Power  Company 

The  Golden  Illuminating  Company 

Grand  Junction  Electric  and  Gas  Company 

Cascade  Electric  Company 

Consolidated  Gem  Mines  Company,  Electrical  Depart- 
ment 

The  Lamar  Electric  Company 

The  Las  Animas  Electric  Company 

Leadville  Gas  and  Electric  Company 

The  Arapahoe  Electric  Light  and  Power  Company 

Consumers'  Electric  Company 

Manitou  Electric  Company 

The  Ouray  Electric  Light  and  Power  Company 

The  Pueblo  and  Suburban  Traction  and  Lighting 
Company 

The  Telluride  Electric  Light  and  Power  Company 

The  Telluride  Power  Company 


Branfoud, 

BRIDGEI'ORT, 

Danbury, 

Danielson, 

Derby, 

Hartford, 

Litchfield, 

Meriden, 

New  London, 

rockville, 

South  Manchester, 

Stamford, 

sufkield, 

Thompsonville, 

Unionvili.e, 

Westport. 


CONNECTICUT 

Branford  Lighting  and  Water  Company 
Connecticut  Railway  and  Lighting  Company 
Danbury  and  Bethel  Gas  and  Electric  Light  Company 
People's  Light  and  Power  Company 
Derby  Gas  Company 
The  Hartford  Electric  Light  Company 
The  Litchfield  Electric  Light  and  Power  Company 
Meriden  Electric  Light  Company 
New  London  Gas  and  Electric  Company 
The  Rockville  Gas  and  Electric  Company 
South  Manchester  Light,  Power  and    Tramway  Com- 
pany 
Stamford  Gas  and  Electric  Company 
Village  Water  Company 
Enfield  Electric  Light  and  Power  Company 
The  Union  Electric  Light  and  Power  Company 
The  Westport  Water  and  Electric  Light  Company 


Wilmington, 


DELAWARE 
The  Wilmington  City  Electric  Company 
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Washingion. 


DISTRICT  OF  COLUMBIA 
Potomac  Electric  Power  Company 


FLORIDA 

Kky  West,  The  Key  West  Electric  Company 

Tampa,  Tampa  Electric  Company 

GEORGIA 

Americus,  Americus  Illuminating  and  Power  Company 

Athens,  Athens  Electric  Railway  Company 

Atlanta,  Georgia  Railway  and  Electric  Company 

Augusta,  Augusta  Railway  and  Electric  Company 

Columbus,  The  Columbus  Railroad  Company 

Savannah,  Savannah  Electric  Company 

HAWAII 

HiLO,  Hilo  Electric  Light  Company,  Limited 

Honolulu,  Hawaiian  Electric  Company,  Limited 

IDAHO 

Bois£,  The  Capital  Electric  Light,  Motor  and  Gas  Company 

Lewiston,  Lewiston-Clarkston  Company 

Moscow,  Moscow  Electric  Light  and  Power  Company 

Pocatello,  American  Falls  Power,  Light  and  Water  Company 


Abingdon, 
Alton, 
Beardstown, 
Bloomington, 

Canton, 

Centralia, 

Chicago, 


Clinton, 

DeKalb, 

Edwardsville, 

Evanston, 

Frkeport, 

Hili.sboro, 

Jacksonville, 

JOLIET, 


ILLINOIS 

Abingdon  Electric  Company 
Alton  Gas  and  Electric  Company 
Beardstown  Electric  Light  and  Power  Company 
Bloomington  and  Normal  Railway,  Electric  and  Heat- 
ing Company 
People's  Gas  and  Electric  Light  Company 
Centralia  Gas  and  Electric  Company 
Chicago  Edison  Company 

Chicago  Sectional  Electric  Underground  Company 
Commonwealth  Electric  Company 
Clinton  Gas  Company 
DeKalb-Sycamore  Electric  Company 
Edwardsville  Electric  Light  and  Power  Company 
North  Shore  Electric  Company 
Freeport  Railway,  Light  and  Power  Company 
Hillsboro  Electric  Light  and  Power  Company 
Jacksonville  Gas  Light  and  Coke  Company 
Economy  Light  and  Power  Company 


p 
r 


rockforu, 

Springkield, 

Streator. 

Tavlorvillu 

Warsaw, 

Watseka, 


Elkhart, 
Elwoud, 
evansvilue, 
Fort  Way.nk, 
Goshen, 

KOKOMO, 

Madison, 
Marion, 
New  Aubaw, 
Richmond, 
SoLTH  Benp, 
Terre  Haute, 
Wabash, 


Cruar  Rapids, 

Corning, 
Davenport. 
Decora  H, 
Dfs  Moines. 
Dubuque, 
Iowa  City, 

KEOKltK, 

Mason  City, 
Otthmwa, 
Red  Oak, 
Sioux  City, 

Waterloo, 


People's  Power  Company 

The  New  Electric  Company 

Nokomis  Electric  Light  and  Power  Company 

Oak  Park  Yaryan  Company 

Peoria  Gas  and  Electric  Company 

Ponttac  Light  and  Water  Company 

Quincy  Gas,  Electric  and  Healing  Company 

The  Independent  Light  and  Power  Company 

Rockford  Edison  Company 

Springfield  Electric  Light  and  Power  Company 

Streator  Gas  and  Light  Company 

TayJorvillc  Electric  Company 

Warsaw  Electric  Plant 

WatBcka  Electric  and  Heat  Company 

INDIANA 

Elkhart  Electric  Company 

Elwood  Electric  Light  Company 

Evansville  Gas  and  Electric  Light  Company 

Fort  Wayne  and  Wabash  Valley  Traction  Company 

The  Hawks  Electric  Company 

Kokomo,  Marion  and  Western  Traction  Company 

Madison  Lighting  Company 

Marion  Light  and  Heating  Company 

United  Gas  and  Electric  Company 

Richmond  Light  and  Interurban  Railway  Company 

South  Bend  Electric  Company 

Terre  Haute  Traction  and  Light  Company 

Wabash  Water  and  Light  Company 

IOWA 

Cedar  Rapids  and  Iowa  City  Railway  and  Light  Com- 
pany 

Corning  Light,  Heat  and  Power  Company 

People's  Light  Company 

The  Decotab  Electric  Light  Company 

Des  Moines  Edison  Light  Company 

Union  Electric  Company 

Iowa  City  Electric  Light  Company 

Keokuk  Electric  Railway  and  Power  Company 

Brice  Gas  and  Electric  Company 

Ottumwa  Traction  and  Light  Company 

Red  Oak  Electric  Company 

Sioux  City  Gas  and  Electric  Company 

Sioux  City  Service  Company 

Waterloo  and  Cedar  Fails  Gas  and  Electric  Light 
Company 
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KANSAS 

Abilenk,  Abilene  Electric  Light  Works 

Bei.oit,  Beloit  Light  and  Water  Company 

Clay  Center,  F.  L.  Williamson  and  Company 

Columbus,  The  Columbus  Electric  Company 

HoLTON,  Holton  Electric  Company 

Hutchinson,  The  Water,  Light  and  Gas  Company 

Junction  City,  The  Electric  Railway,  Light  and  Ice  Company 

Leavenworth,  Leavenworth  Light  and  Heating  Company 

ToPKKA,  The  Topeka  Edison  Company 

KENTUCKY 
Covington,  Union  Li^ht,  Heat  and  Power  Company 

Lexington,  Lexington  Railway  Company 

Louisville,  Louisville  Lighting  Company 

Paducah,  The  Paducah  City  Railway  Company 

LOUISIANA 

Lake  Charles,  The  Lake  Charles  Ice,  Light  and  Water  Works  Com- 

pany 

New  Orleans,  New  Orleans  and  Carrolhon  Railroad,  Light  and  Power 

Company 

Siireveport.  Shreveport  Gas.  Electric  Light  and  Power  Company 

MAINE 
Auburn,  The  Lewiston  and  Auburn  Electric  Light  Company 

Bangor,  Bangor  Railway  and  Electric  Company 

Brunswick,  The  Brunswick  Electric  Light  and  Power  Companv 

Ke/ar  Falls,  Cornish  and  Kezar  Falls  Liijhi  and  Power  Company 

Oakland,  Oakland  Electric  Company 

PoRTLANiJ,  Consolidated  Electric  Lijiht  Company  of  Maine 

Portland  Lighting  and  Power  Company 
Skowhegan,  Skovvhcgan  Electric  Light  Company 

Watkrville,  Watcrville  and  Fairfield  Railway  and  Li:jht  Company 


Baltimore, 
Crisfiklu, 
Frederkk, 
Havre  de  Grace. 


Amhersi-, 

Attleboro. 

Beverly, 

Boston, 

Brockton, 


MARYLAND 
Consolidated  Gas  Electric  Lisjht  and  Pnwcr  Company 
Crisfield  Ice  Manufacturing  Company 
Frederick  (j,is  and  Klcctric  Coiripanv 
The  Havre  dc  Grace  Electric  Company 

MASSACHUSETTS 

Amherst  (Jas  Crimpany 

Attleboro  Steam  and  Klei.tric  Company 

Beverly  Gas  and  Electric  Company 

The  Edison  Electric  Illumin.iling  Company  of  Boston 

Edison  Electric  Illuminitin!;  Company  of  Brockton 


^^^ 

^^^^^^^^^^K^^^B^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^I 

m^^^P    XXXV             ^^^^^^^^^^^^^^^^^H 

^^^^^^^^^^^H 

Brooklinz, 

Boston  Consolidnted  Gas  Company                          ^^^^^^^^^^^^^^^M 

Camhrioge, 

Cambridge  Electric  Light  Company                           ^^^^^^^^^^^^^^^| 

Chelsea. 

Chelsea  Gas  Light  Company                                               ^^^^^^^^^^^^| 

Clinton, 

Clinton  Gas  Lixht  Company                                                ^^^^^^^^^^^H 

CottASSET, 

The  Cohassei  Electric  Company                                                  ^^^^^^^^H 

Fall  River. 

Fall  River  Electric  Li|;ht  Company                                                        ^^^^^H 

FiTCIIBURG, 

Fiichburg  Gas  and  Electric  Light  Company                                         ^^^^^| 

Gardner, 

Gardner  Electric  Light  Company                                                                ^^H 

Great  Barrington 

Great  Barrington  Electric  Light  Company                                                  ^^B 

Hype  Park, 

Hyde  Park  Electric  Light  Company                                                                       1 

Lavvrenck, 

Lawrence  Gas  Company 

Lkk, 

Lee  Electric  Company 

Leicester, 

Rawson  Lt^ht  and  Power  Company 

Lexincjton, 

Lexington  Gas  and  Electric  Company 

Lowell, 

The  Lowell  Electric  Light  Corporation 

Lysn. 

Lynn  Gas  and  Electric  Company 

Malden, 

Maiden  Electric  Company 

Marlborough, 

Marlborough  Electric  Company 

New  Bedford, 

New  Bedford  Gas  and  Edison  Light  Company 

Newton, 

Newton  and  Watertown  Gas  Light  Company 

North  Adams.' 

North  Adams  Gas  Light  Company 

Palmer. 

Central  Massachusetts  Electric  Company 

PlTTSKIELD, 

Piitsfield  Electric  Company 

Pl.VMrtUTH, 

Plymouth  Electric  Light  Company 

Revere, 

Suburban  Gas  and  Electric  Company 

Salem. 

Salem  Electric  Lighting  Company 

SOUTHBRIUGE, 

Andrew  F.  Hall 

Sprinokielo, 

United  Electric  Light  Company 

Webster, 

Webster  Electric  Company 

Westboro, 

Westboro  Gas  and  Electric  Company 

WiNCHENDON, 

Winchendon  Electric  Light  and  Power  Company 

WOBURN, 

Wohurn  Li^jht,  Heat  and  Power  Company 

Worcester, 

Worcester  Electric  Light  Company 

MICHIGAN 

Adrian, 

Citizens'  Light  and  Power  Company 

Alpena. 

Alpena  Electric  Light  Company 

Ann  Arror, 

Washtenaw  Light  and  Power  Company 

Big  Rapids, 

W.  E.  Donley  Electric  Light  and  Power  Company 

Brooklyn, 

L.  W.  Greene 

Cheboygan, 

Cheboygan  Electric  Light  and  Power  Company 

CORIISNA, 

Shiawassee  Li^ht  and  Power  Company 

Detroii, 

Peninsular  Electric  Light  Company 

Houghton, 

Houghton  County  Electric  Light  Company 

lONtA, 

Ionia  Water  Power  Electric  Company 

ISHPKMING, 

Marquette  County  Gas  Light  and  Traction  Company 

Jackson, 

Comnionwealth  Power  Company 

J. 

^^M 

^^^f                          ^^^^^^^^^^^^^^^^^H 

^^^^^^^^^F^ 

MICHIGAN— CoHtiHtttJ                                    ^^^^^H 

^^^^V             Mancki.ona, 

Manccloaa  Electric  Light  and  Power  Company                ^^^^^H 

^^^^^1             Manistique, 

Manistique  Light  and  Power  Company                               ^^^^^| 

^^^^H 

Brownell  Electric  Company                                                      ^^^^^| 

^^^^H             Port  Huron, 

Port  Huron  Light  and  Power  Company                              ^^^^H 

^^^^H 

Bartlett  Illuminating  Company                                                 ^^^^| 

^^^^H 

Benton   Harbor  and  St,    Joseph    Electric   Railway  and     ^^^^H 

^^^^B 

Light  Company                                                                             ^^H 

^^^^H             Sault  Ste.  Marik, 

Edison  Sault  Electric  Company                                                     ^^H 

^H 

MINNESOTA                                                                     1 

^^^^H                                        LttA, 

Albert  Lea  Light  and  Power  Cmiipany                                         ^H 

^^^^M             Crookston, 

Crookston  Water  Works,  Power  and  Light  Company               ^^M 

^^^^H 

Duluth  General  Electric  Company                                                ^H 

^^^^H 

The  Faribault  Gas  and  Electric  Company                                      ^H 

^^^^H              Little 

The  Little  Falls  Water  Power  Company  of  Minnesota                ^H 

^^^^^B             Minneapolis, 

The  Minneapolis  General  Electric  Company                                  ^H 

^^^^^R              Montevideo, 

Montevideo  Electric  Light  and  Power  Company                          ^H 

^^^^H 

Pipestone  Electric  LtRht,  Heat  and  Power  Company                 ^H 

^^^^B              Red  Wing, 

Red  Wing  Gas  and  Electric  Company                                               ^^M 

^^^^H 

Public  Service  Company  of  St.  Cloud                                           ^^H 

^^^H 

Edison  Electric  Light  and  Power  Company                               ^^H 

^^^^H 

Winona  Railway  and  Light  Company                                         ^^H 

^^H 

MISSISSIPPI                                                                 ^M 

^^^^H 

Columbus  Light  and  Power  Company                                           ^^H 

^^^^H                   HATTtESBLTKO, 

HaltiesLurg  Light  and  Power  Company                                     ^^H 

^^^^H              Merjdfan, 

Meridian  Light  and  Railway  Company                                         ^^| 

^^^^H 

Vicksburg  Railway  and  Light  Company                                       ^^H 

^^H 

MISSOURI                                                                   ^H 

^^^^H 

Consumers'  Electric  Light  and  Power  Company                        ^^M 

^^^^^B             Excelsior  Sprinus, 

The  Excelsior  Springs  Light.  Power.  Heat  and  Water           ^H 

^^^^B 

Company                                                                                    ^^M 

^^^^B              Kansas 

Kansas  City  Electric  Light  Company                                                ^^M 

^^^^H 

St.  Joseph  Railwa)',  Light,  Heat  and  Power  Company           ^^H 

^^^^B 

The  Laclede  Gas  Light  Company                                                  ^^M 

^^^^H 

The  Laclede  Power  Company  of  St.  Louis                                  ^^M 

^^^^H 

Union  Electric  Light  anJ  Power  Company                                 ^^H 

^^^^H 

Springfield  Gas  and  Electric  Company                                          ^^H 

^^^^B             Washington, 

Tibbe  Electric  Company                                                               ^^H 

^^H 

MONTANA                                                                 ^H 

^^^^^1 

The  Auaconda  Copper  Mining  Company,  Electric  Light         ^^M 

^^^^H 

and  Railway  Department                                                        ^^^ 

^^^^B 

Big  Timber  Electric  Light  and  Power  Company                       ^^M 

■        _ 

■- ^B 

^H 

^^I^V                           ^^^^^^^^^^^^^^^^^^^^H 

^^^^^^^H 

^^^^^^^^^^^^1 

^^V        Billings, 

Billings  Water  Power  Company                             ^^^^^^^^^^^^^^^H 

^^m         Butte, 

Butle  Electric  and  Power  Company                          ■*■**'  ^^^^^^^^^B 

^^P          Grf.at  Falls, 

Boston   and    Great    Falls    Electric    Light   and    Power                         ^^| 

^^ 

Company                                                                                                        ^^B 

L                 Hklf.na, 

Helena  LIkIii  and  Traction  Company 

^^K          Ralispcll, 

Big  Fork  Electric  Power  and  Light  Company 

^^H         Missoula, 

Missoula  Light  and  Water  Company 

NEBRASKA 

Beatrice, 

Beatrice  Electric  Company 

Blair, 

Blair  Electric  Light  and  Power  Company 

Grand  Islanp, 

Grand  Island  Electric  Company 

KEAItNBY, 

The  Northwestern   Electric.  Heat  and  Power  Company 

Lincoln, 

Lincoln  Gas  and  Electric  Company 

Omaha, 

Omaha  Electric  Light  and  Power  Company 

^^^ 

NEW  HAMPSHIRE 

Concord, 

Concord  Electric  Company 

Dover, 

United  Gas  and  Electric  Company 

Franklin  Falls. 

The  Franklin  Light  and  Power  Company 

Keene. 

Keene  Gas  and  Electric  Company 

Manchester, 

Manchester  Traction.  Li^ht  and  Power  Company 

Nashua, 

Nashua  Light,  Heal  and  Poivcr  Company 

Newhokt, 

Newport  Electric  Light  Company 

PKNACUOlt, 

Pcnacook  Electric  Light  Company 

Portsmouth, 

Rockingham  County  Light  and  Power  Company 

NEW    JERSEY 

Atlantic  City. 

The  Atlantic  Eleciric  Light  and  Power  Company 

Bridreton, 

Bridgeton  Electric  Company 

DOVKR, 

Dover  Electric  Light  Company 

Er.G  Harbor. 

Atlantic  County  Electric  Company 

Hackensack, 

The  Gas  and  Electric  Company  of  Bergen  County 

Lambertvii.lf, 

Lambertville  Heat,  Light  and  Power  Company 

Lose  Branch. 

Consolidated  Gas  Company  of  New  Jersey 

Newark, 

Public  Service   Corporation   of    New   Jersey,    Eiectrit 

r>epartment 

Summit, 

Commonwealth  Water  and  Light  Company 

NEW  MEXICO 

Albuqcerque, 

The    Albuquerque    Gas,    Electric    Light    and    Power 

Corr.pany 

Las  Vec.as, 

Las  Vegas  Light  and  Fuel  Company 

4 

'^^^^^^^^^^^M 

^^^V 

■                   NEW  YORK 

AtHION, 

Albion  Power  Company 

Amsterdam, 

Edison  Electric  Light  and  Power  Company 

Auburn, 

Auburn  Light,  Heat  and  Power  Company 

BiNGHAMTON, 

Binjjhamton  Light,  Heat  and  Power  Company 

Brooklys, 

Edison  Eleciric  Illuminating  Company  of  Brooklyn 

^^^^^1                       BUKFALO, 

Buffalo  General  Electric  Company 

^^^^H 

Union  Eleciric  Company 

^^^^^H                       CoOfERSIOWN, 

The  Clinton  Mills  Power  Company 

^^^^^1 

Dundee  Eleciric  LiRhi,  Meat  and  Power  Plant 

^^^^^H 

Elmira  Water,  Light  and  Railroad  Company 

^^^^V                Far  Rockaway, 

Queens  Borough  Gas  and  Eleciric  Company 

FisHKiix-ON-HoDSON  Souihcrn  Dutchess  Gas  and  Electric  Company                                 | 

Fulton. 

Fulton  Light,  Heat  and  Power  Company 

Glens  Falls, 

Hudson  River  Water  Power  Company 

Gloversville. 

Fulton  County  Gas  and  Electric  Company 

GREENWiCH, 

Consolidated  Electric  Company 

HoosicK  Falls. 

Hoosick  Falls  Illuminating  Company 

Ithaca, 

Ithaca  Electric  Light  and  Power  Company 

^^^^^L              Jamcsicavn, 

Jamestown  Lighting  and  Power  Company 

^^^^^1              Keksevillk, 

Keeseville  Electric  Company 

^^^^^B 

Kingston  Gas  and  Electric  Company 

^^^^H 

Liberty  Light  and  Power  Company 

^^^^H 

Herkimer  County  Light  and  Power  Company                                     jlj 

^^^^H 

Lockport  Gas  and  Electric  Light  Company                                         ' 

^^^^H              Long  Islani>  City, 

New  York  and  Queens  Electric  Light  and  Power  Com- 

^^^^H 

pany 

^^^^H 

Wayne  County  Electric  Company 

^^^^H                   MOCNT  VeI(!<0>-, 

Westcheslcr  Lighting  Company 

^^^^^B              New  Brighton. 

Richmond  Light  and  Railroad  Company 

^^^^^B             Newbukuh, 

Newburgh  Light,  Heat  and  I'ower  Company 

^^^^H 

The  New  York  Edison  Company 

^^^^H 

The  United  Electric  Light  and  Power  Company 

^^^^H             Niagara 

Buffalo  and  Niagara  Falls   Electric   Light  and  Power 

^^^^H 

Company 

^^^^H 

The  Niagara  Falls  Hydraulic  Power  and  Manufacturing 

^^^^1 

Company 

^^^^H 

The  Niagara  Falls  Power  Company 

^^^^H 

The  Norwich  Gas  and  Electric  Company 

^^^^^B 

Rockland  Light  and  Power  Company 

^^^^^H 

Madison  County  Gas  and-  Eleciric  Company 

^^^^^B 

Oneonia  Light  and  Power  Company 

^^^^^H 

Northern  Westchester  Lighting  Company 

^^^^H 

Ovid  Electric  Company 

^^^^H 

Pcckskill  Lighting  and  Railroad  Company 

^^^^H                POKT 

Port  Jcrvis  Electric    Light,  Power,  Gas  and    Railroad 

^^^^H 

Company 

^^^^^1 

The  Potsdam  Electric  Light  and  Power  Company 

^^^^^B                  P0UGHKEEt>SIE, 

Poughkcepsie  Light,  Heat  and  Power  Company 

V 

^                               ^ 

^^^^B                            ^^^^^^^^^^^^^^^^^^^^1 

NEW  YOKVi—CcHlinufJ                                                    ^^^^^H 

^^M         Richfield  Springs, 

Richfield  Springs  Electric  Li^^ht'and  Power  Companv                       ^^H 

^^B         Rochester, 

Rochester  Railway  and  Lijjht  Company 

^^B              ROSLYN, 

Nassau  Light  and  Power  Company 

^^           Saranac  Lake. 

Saranac  Lake  LiRfit,  Heat  and  Power  Company 

1                  Schenectady. 

Schenectady  Railway  Company 

SVRACrSE, 

Syracuse  Lij?hting  Company 

TONAWANDA, 

Tonawanda  Power  Company 

Tuxedo  Park. 

Tuxedo  Electric  Light  Company 

Utica, 

Uiica  Gas  and  Electric  Company 

Watertown, 

Watertown  Electric  Light  Company 

NORTH    CAROLINA 

ASHEVILLE, 

Asheville  Kleciric  Company 

Charlotte, 

Catawba  Power  Company 

Durham, 

Durham  Traction  Company 

Henoerson, 

Henderson  Lighiing  and  Power  Company 

Raleigh, 

The  Raleigh  Electric  Company 

Winston-Salkm, 

The  Fries  Manufacturing  and  Power  Companv 

NORTH    DAKOTA 

Grand  Forks, 

Grand  Forks  Gas  and  Electric  Company 

MiNOT, 

Minoi  LiRht  and  Telephone  Company 

OHIO 

Akron, 

The  Northern  Ohio  Traction  and  Light  Company 

Alliance, 

The  Alliance  Gas  and  Elcciric  Company 

Barnesville, 

Barnesville  Gas  and  Electric  Light  Company 

Canton, 

Canton  Light,  Heat  and  Power  Company 

Cincinnati, 

The  Cincinnati  Gas  and  Electric  Company 

Clevelaxd. 

The  Cleveland  Electric  Hluminating  Company 

Columbus, 

Columbus  Railway  and  Light  Company 

Defiance, 

People's  Gas  and  Electric  Company 

Elyria, 

Citizens'  Gas  and  Electric  Company 

Lancaster, 

Lancaster  Electric  Linhi  Company 

Leipsic. 

Leipsic  Electric  Light,  Heat  and  Power  Company 

Lima. 

The  Lima  and  Toledo  Traction  Company 

Lisbon, 

The  New  Lisbon  Gas  Company 

Massillon, 

The  Massillon  Light.  Heat  and  Power  Company 

Portsmouth, 

Porismoulh  Street  Railroad  and   Light  Company 

Salem, 

Salem  Electric  Light  and  Power  Company 

Springfield, 

The  People's  Light.  Heat  and  Power  Company 

Steubenville, 

Steubenville  Traction  and  Ligbi  Company 

Toledo, 

The  Toledo  Railways  and  Light  Company 

Warren. 

The  Warren  Water  and  Light  Company 

YOUNGSTOWN, 

Youngstown  Consolidated  Gas  and  ElecLric  Company 

Zanesville, 

The  Zanesvillc  Railway,  Light  and  Power  Company 

1 

The  Guthrie  Light  and  Power  Company 
Shawnee  LiRht  and  Power  Company 


LojTDON.  The  London  Electric  Company,  Limited 

Niagara.  Falis,         The  Ontario  Power  Company  of  Niagara  Falls 
Ottawa.  The  Ottawa  Electric  Company 

Sault  Stk.  Marie,    Tagona  Water  and  Light  Company 
Toronto,  Toronto  and  Niagara  Power  Company 

OREGON 

Ashland  Electric  Power  and  Light  Company 
Baker  Light  and  Power  Company 
Portland  General  Elcciiic  Company 
Citizens'  Light  and  Traction  Company 

PENNSYLVANIA 

The  Edison  Electric   Illuminating  Company  of  Altoona 

Mer!on  and  Radnor  Gas  and  Electric  Company 

The  Bethlehem  Electric  Light  Company 

Bradford  Electric  Light  and  Power  Company 

Lackawanna  Valley  Eleciric  Light  and  Power  Supply 
Company 

The  Carlisle  Gas  and  Water  Company 

The  Electric  Company 

Conshohocken  Electric  Light  and  Power  Company 

Standard  Electric  Light  Company 

Doylcstown  Electric  Company 

Easton  Gas  and  Eleciric  Company 

Franklin  Electric  Company 

People's  Electric  Light,  Heat  and  Power  Company 

Jersey  Shore  Eleciric  Company 

Lewistown  Electric  Light  Company 

Faraday  Heat,  Power  and  Light  Company 

New  Castle  Electric  Company 

Norristown  Electric  Light  and  Power  Company 

Citizens'  Light  and  Power  Company 

The  Electric  Company  of  America 

The  Philadelphia  Electric  Company 

L^nited  Gas  Improvement  Company 

The  Philipsburg  Electric  Light,  Gas,  Power  and  Heat- 
ing Company 

Schaykill  Valley  Illuminating  Company 

The  Allegheny  County  Light  Company 

Citizens'  Eleciric  Illuminating  Company 

Metropolitan  Electric  Company 

Renovo  Edison  Light.  Heat  and  Power  Company 


Carusle, 

CojiNF-LLSVIULF 

Conshohocken 

Danville. 

doylestown, 

E  ASTON, 

Franklin, 
Greenvillr, 
Jrrsev  Shore, 
Lrwistown. 
Morton, 
New  Castle, 
NoRRisroWN, 
OtL  City. 

PHILAt>ri.PHIA, 


Philipsbukg, 

PHCENIKVII  LE 
PlTTSBl'RfJH, 

Pittston, 
Rkadino. 
Renovo, 


^^V                                           ^^^^^^^^^^^^^1 

PENNSYLVANIA— CoM/i«<W                                   ^^^^^^^H 

^^B                SCRANTON, 

Scranion  Illuminating,  Heat  and  Power  Company                       ^^^^H 

^^M                TOWANDA, 

Towanda  Electric  Illucninaling  Coitipany                                                  ^^H 

^^V.               TvRONiC, 

Home  Electric  Li^ln  and  Steam  Heating  Company                       ^^^^H 

^^P            Warren, 

Warren  Electric  Light  Company                                                          ^^^^H 

^^            Washington, 

The  Washin^^ton  Electric  Light  and  Power  Company                  ^^^^H 

j!                   Waynesboro, 

Waynesboro  Electric  Light  and  Power  Company                           ^^^^H 

J                     Wayneshorg, 

Waynesburg  Electric  Light  and  Power  Company                            ^^^^B 

West  Chkster. 

The  Edison  Electric  lilurainaling  Company                                     ^_^^B 

1                    Wilkes-Barre, 

Witkes-Barre  Gas  and  Electric  Company                                       ^^^^^| 

Willi  AM  SPORT, 

Lycoming  Electric  Company                                                             ^^^^^| 

York, 

Edison  Electric  Light  Company                                                              ^^H 

QUEBEC                                                                                 ^M 

Montreal, 

Montreal  Light,  Heat  and  Power  Company                                           ^H 

Quebec, 

Quebec-Jacques  Cartier  Electric  Company                                               ^^M 

Quebec  Railway.  Light  and  Power  Company                                        ^H 

Sherbrooke, 

The  Sherbrooke  Power,  Light  and  Heat  Company                              ^H 

RHODE  ISLAND                                                              ^^H 

Newport, 

Newport  and  Fall  River  Street  Railway  Company                       ^^^^^ 

Pawtucket, 

Pawtucket  Electric  Company                                                            ^^^^H 

Providence, 

Narraganseii  Electric  Lighting  Company                                         ^^^^H 

Woonsocket, 

Woonsocket  Electric  Machine  and  Power  Company                     ^^^^| 

SOUTH    CAROLINA                                                             ^^^B 

Charleston, 

Charleston    Consolidated    Railway,    Gas    and    Electric             ^^^^H 

Company                                                                                           ^^^^^H 

Columbia, 

Columbia   Electric   Street  Railway,  Light  and    Power             ^^^^^| 

Companv                                                                                      ^^^^^| 

Darlington, 

Darlington  Light  and  Water  Company                                            ^^^^| 

Georgetown, 

Georgetown  Electric  Company                                                          ^^^^H 

SOUTH  DAKOTA                                                                   ^H 

Lead, 

Consolidated  Power  and  Light  Company                                            ^^M 

1 

TENNESSEE                                                                 ^^H 

Bristol, 

Bristol  Gas  and  Electric  Company                                                   ^^^^H 

1                   Chattanooga, 

Chattanooga  Electric  Company                                                       ^^^^^M 

Columbia, 

Columbia  Water  and  Light  Company                                               ^^^^^| 

Knoxville, 

Knoxville  Railway  and  Light  Company                                          ^^^^^^1 

Memphis. 

Memphis  Consolidated  Gas  and  Electric  Company                     ^^^^^H 

Nashville, 
d 

Nashville  Railway  and  Li^bt  Company                                                ^^H 

■4 

^           xHi                   ^^^^^^^^^^^^^^^^^H 

TEXAS                                                    ^^^^^H 

^^^^v^ 

Beaumont  Ice,  Light  and  Refrigeraiing  Company       ^^^^^^^H 

^^^^H 

The  Cleburne  Gas  and  Eteclrtc  Company                       ^^^^^^^^ 

^^^^H 

Corsicana  Gas  and  Electric  Company                                      ^^^^^^B 

^^^^H 

Dallas  Electric  Light  and  Power  Company                            ^^^^H 

Dallas  Ice  Factorv.  Li^ht  and  Power  Company                    ^^^^| 

^^^^K           El 

El  Paso  Electric  Railway  Company                                         ^^^^H 

^^^^H           Gaisksviixe, 

Merrhanis'  Electric  Light  and  Power  Company                     ^^^^^ 

^^^^H 

Houston  Lighting  and  Power  Company                                     ^^H 

^^^^H            Marshall, 

Arkansas  and  Texas  Consolidated  Ice  and  Coal  Com-              ^H 

^^M 

^^^^H 

Paris  Light  and  Power  Company                                                   ^^H 

^^^^^a           San  Antonio, 

San  Antonio  Gas  and  Electric  Company                                        ^H 

^^^^H 

Taylor  Electric  Light  Company                                                      ^^m 

^^^^H            Waxahachie, 

Waxahachie  Gas  and  Electric  Company                                           ^^| 

^^^^H            Weatherford, 

City  of  Weatherford  Water.  Light  and  Ice  Company                   ^H 

UTAH                                                ^m 

^^^^B 

Eureka  Electric  Company                                                                ^^M 

^^^^B                    Lake  City. 

Utah  Light  and  Railway  Company                                                  ^^H 

VERMONT                                                                    ^m 

^^^^H            Bkllows  Falls, 

The  Fall  Mountain  Electric  Light  and  Power  Company            ^^M 

^^^^H            Benmncton, 

Bennington  Electric  Company                                                         ^^^ 

^^^^H 

Neshobe  Electric  Company                                                                 ^^B 

^^^^H                 BURLIMGTON. 

Burlington  Light  and  Power  Company                                         ^^M 

^^^^H 

Fair  Haven  Electric  Company                                                        ^^M 

^^^^F                  MiDDLEBURY. 

Middlebury  Electric  Company                                                          ^^H 

^^^B                     MONTPELIER. 

Consolidated  Lighting  Company                                                      ^^M 

^^^r                 Rutland. 

Rutland  City  Electric  Company                                                        ^H 

^^B                    St.  Johnsbury, 

St.  Johnsbury  Electric  Company                                                     ^H 

^^m                  Vercennks, 

Vergennes  Electric  Company                                                         ^^H 

VIRGINIA                                                                 ^H 

^H                    Lynchburg, 

Lynchburg  Traction  and  Light  Company                                    ^^H 

^H                   Richmond, 

Virginia  Passenger  and  Power  Company                                    ^^H 

^H                   Roanoke, 

Roanoke  Railway  and  Electric  Company                                    ^^H 

WASHINGTON                                                               ^^ 

^H                    Aberdeen, 

Gray's  Harbor  Electric  Company                                                  ^^H 

^H                    Everett, 

Everett  Railway,  Light  and  Water  Company                              ^^M 

^^m                    North  Yakima, 

Northwest  Light  and  Water  Company                                         ^^M 

^H                    Olympia, 

Olympia  Light  and  Power  Company                                              ^^| 

^H                    Seattle, 

Seatile-Tacoma  Power  Company                                                   ^^M 

The  Seattle  Electric  Company                                                        ^^M 

^H                     Spokane, 

The  Washington  Water  Power  Company                                        ■ 

^1                     Walla  Walla, 

Northwestern  Gas  and  Electric  Company 

^^^^F                                         ^^^^^^^^^^^^^^^^^^^^^^H 

WEST  VIRGINIA                  ^^^^^^^^^^^^^| 

BLlJEFfELD, 

East                           Compaay                              ^^^^^^^^^^^^^H 

Chakleston, 

Kanawha  Water  and  Light  Company                     ^^^^^^^^^^^^^^H 

Fairmont, 

Fairmont  and  Clarksburg  Traction  Company                                       ^^H 

Parkkrsbu&c, 

Parkersburg,  Marietta  and    Inter-Urban  Railway  Com-              ^^^^^M 

^^^M 

SiSTERSVILLE, 

Sistersville  Ekctric  Light  and  Power  Company                             ^^^^^B 

Welch. 

Welch  Water,  Light  and  Power  Company                                         ^^^^H 

Whbkung, 

The  Wheeling  Electrical  Company                                                   ^^^^H 

WISCONSIN                                                                   ^^^1 

Antigo, 

Antigo  Etcctric  Light  Plant                                                               ^^^^H 

Delavan. 

Delavan  Ligbi  and  Fuel  Company                                                    ^^^^^| 

Eau  Claire, 

Eau  CSairc  Light  and  Power  Company                                              ^^^^^| 

Fowu-du-Lac. 

Eastern  Wisconsin  Railway  and  Light  Company                           ^^^^^| 

Janksville, 

JanesYille  Electric  Company                                                              ^^^^^| 

Kenosha, 

Kenosha  Gas  and  Electric  Company                                                ^^^^H 

La  Crosse, 

La  Crosse  Gas  and  Electric  Light  Company                                   ^^^^H 

Madison, 

Madison  Gas  and  Electric  Company                                                 ^^^^^| 

Menomonie, 

Menomonie  Electric  Light  and  Power  Company                           ^^^^^| 

Merrill, 

Merrill  Railway  and  Lighting  Company                                         ^^^^H 

1                    Oconto, 

W.  A.  Holt                                                                                             ^^^H 

1                            OSHKOSH, 

Oshkosb  Ga«  Light  Company                                                                ^^^^^ 

Port  Washington. 

The  Wisconsin  Chair  Company 

Rhinklander, 

Rhtnelander  Lighting  Company 

Sheboygan, 

Sheboygan  Light,  Power  and  Railway  Company 

Sparta, 

O.  I.  Newton's  Sons  Company 

Watkrtown, 

Watertown  Gas  and  Electric  Company 

(                    Waukesha, 

Waukesha  Gas  and  Electric  Company 

Waupaca, 

Waupaca  Electric  Light  and  Railway  Company 

Wausau, 

Wausau  Electric  Company 

' 

WYOMING 

1                   Cheyenne, 

Cheyenne  Light,  Fuel  and  Power  Company 

Green  River, 

Green  River  Electric  Light  and  Power  Company 
The  Rawlins  Electric  Light  and  Fuel  Company 

Rawlins, 

SHsarDAN, 

The  Sheridan  Electric  Light  and  Power  Company 

YUKON  TERRITORY 

White  Horse. 

The  Yukon  Electrical  Company,  Limited 

i 

MEMBERS— CLASS   B 


Akins,  Sage,   Lewiston-Clarkston   Company,  Asotin,  Wash. 
AUegaert,  Edgar  J.,  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 
Anderson,  C.,  Public  Service  Corporation  of  New  Jersey,  Haciccnsack,  N.  J. 
Atkins,  Wm.  H..  The  Edison  Electric  Illuminating  Company  of  Boston, 

Boston.  Mass. 
Bache,  R.  P.,  Public  Service  Corporation  of  New  Jersey,  Plainfield,  N.  J. 
Baehr,  Wm.  A.,  Laclede  Gas  Light  Company.,  St,  Louis,  Mo. 
Ballard,  R.  H.,  The  Edison  Electric  Company,  Los  Angeles,  Calif. 
Bechtel,  E.  J.,  Toledo  Railways  and  Light  Company,  Toledo,  Ohio. 
Belcher.   Walter  A.,   Public  Service  Corporation  of  New  Jersey,   Perth 

Amboy,  N.  J. 
Bement,  A.,  Chicago  Edison  Company,  Chicago,  111. 

Bishop,  Jas.  W.,  The  Peninsular  Electric  Light  Company,  Detroit,  Mich, 
Black,  A.  L.,  New   Orleans  and  Carrollton  Railroad,   Light  and   Power 

Company,  New  Orleans,  La. 
Blood,  W.  H.,  Jr.,  Seattle  Electric  Company,  Boston,  Mass. 
Brock,  Wm.  M,,  Public  Service  Corporation  of  New  Jersey,  Paterson,  N.  J. 
Brockway,  W.  B.,  Nashville  Railway  and  Light  Company,  Yonkers,  N.  Y. 
Brown,    Crawford    R.,    The    Edison    Electric    Illuminating    Company   of 

Boston,  Boston,  Mass. 
Bump,  Milan  R.,  Denver  Gas  and  Electric  Company,  Denver,  Colo. 
Bushncll,  O.  J.,  Chicago  Edison  Company,  Chicago,  III. 
Caldwell,  Eliot  L.,  The  Edison  Electric  iriuminatsng  Company  of  Boston. 

Boston,  Mass. 
Campbell,    Alex.    J.,    New    London    Gas    and    Electric    Company,    New 

London,  Conn. 
Cato,  George  W.,  The  Peninsular  Electric  Light  Company,  Detroit,  Mich. 
Chandler,  H.  P.,  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 
Claflin,  George  E.,  Omaha  Electric  Light  and  Power  Company,  Boston,  Mass. 
Qark,     Robert     J.,     Colorado     Springs     Electric     Company,     Colorado 

Springs,  Colo. 
Cobb,  B.  C,  Bartlett  Illuminating  Company,  Saginaw,  Mich. 
Colby.  Leroy  S.,  Lawrence  Gas  Company,  Lawrence,  Mass. 
Collins,   W.   Ben.,  Lake  Charles  Ice,  Light  and  Water  Works  Company, 

Lake  Charles.  La. 
Cowles,  J.  E.,  Hot  Springs  Water  Company,  Hot  Springs,  Ark. 
Cowles,   J.   W.,   The   Edison   Electric   Illuminating   Company   of   Boston, 

Boston,  Mass. 
Cartis,  S.  P.,  Burlington  Light  and  Pcrwer  Company,  Burlington,  Vt. 
Cushman,    G.    H..    San    .Antonio   Gas    and    Electric   Company.    San    An- 
tonio, Tex. 
Davis,  Ernest  H.,  Lycoming  Electric  Company.   Williamsport,  Pa. 
Deal,  E.  C,  Public  Service  Corporation  of  New  Jersey,  Hackensack,  N.  J. 
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Dillon,  E.  P.,  Colorado  Springs  Electric  Company,  Colorado  Springs,  Colo. 

Doherty,  Henry  L.,  Th«  Denver  Gas  and  Electric  Company,  New  York  City. 

Edgar,  Charles  L.,  The  Edison  Electric  lUimiinating  Company  of  Boston, 
Boston,  Mass. 

Eglin,  Wm.  C.  L.,  Philadelphia  Electric  Company,  Philadelphia,  Pa. 

Elden,  Leonard  L.,  The  Edison  Electric  Illuminating  Company  of  Boston, 
Boston,  Mass. 

Elliott,  J.  G.,  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 

Emery,   James    A.,    Birmingham    Railway,    Light   and    Power    Company, 
Birmingham,  Ala. 

Farrand,  Dudley,  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 

Francis,  W.  H.,  The  Edison  Electric  Illuminating  Company  of  Boston, 
Boston,  Mass. 

French,  Edward  R.,  Public  Service  Corporation  of  New  Jersey,  Eliza- 
beth, N.  J. 

Frueauff,  Frank  W.,  Denver  Gas  and  Electric  Company,  Denver,  Colo. 

Fuller,  George  A.,  The  Edison  Electric  Illuminating  Company  of  Boston, 
Boston,  Mass. 

GaflFney,  John  J..  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 

Gardiner,  W.  H.,  Jr.,  Boston  Consolidated  Gas  Company,  Boston,  Mass. 

Goettling,  Gerhard  M.  W.,  The  Edison  Electric  Illuminating  Company  of 
Boston,  Boston,  Mass. 

Goodale,    Roy    Lewis,    Colorado    Springs    Electric    Company,    Colorado 
Springs,  Colo. 

Greacen,  W.,  Jr.,  Public  Service  Corporation  of  New  Jersey,  Hoboken,  N.  J. 

Hammack,    H.    A.,    Montgomery    Light    and    Water    Power    Company, 
Montgomery,   Ala. 

Hancock,  W.   P.,  The  Edison  Electric  Illuminating  Company  of  Boston, 
Boston,  Mass. 

Harris,  C  G.,  Key  West  Electric  Company,  Key  West,  Fla. 

Hatch,  Charles  J.,  The  Edison  Electric  Illuminating  Company  of  Boston, 
Boston,  Mass. 

Herrick,    Charles    H.,    The    Edison    Electric    Illuminating    Company    of 
Boston,  Boston,  Mass. 

Hess,  Paul  A.,  Lycoming  Electric  Company,  Williamsport,  Pa. 

Hires,  B.  P.,  Bridgeton  Electric  Company,  Bridgeton,  N.  J. 

Hodskinson,  Charles  H.,  The  Edison   Electric  Illuminating  Company  of 
Boston,  Boston,  Mass. 

Holberton,    George    C,   Oakland   Gas   Light   and   Heat   Company,   Oak- 
land, Calif. 

Hosmer,  Sidney,  The  Edison  Electric  Illuminating  Company  of  Boston, 
Boston,  Mass. 

Howell,   David   J.,    Welch   Water,   Light   and    Power   Company,    Wash- 
ington, D.  C.  . 

Humphrey,  C.  J.  R.,  Lawrence  Gas  Company,  Lawrence,  Mass. 

Hurts,  Leonard  E.,  Lincoln  Gas  and  Electric  Light  Company,  Lincoln, 
Nebr. 

Ingalls,  Percy,  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 
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Insull,  Fred.  W.,  North  Shore  Electric  Company,  Evanston,  III. 

Insull,  Samuel,  Chicago  Edison  Company,  Chicago,  111. 

Jackson,  W.  B.,  Jancsvillc  Electric  Company.  MadiMjn,  Wis. 

Johann,    Charles    S.,   The    People's    Light,    Heat   and    Power    Company, 

Springfield,  Ohio. 
Johnson,  Walter  H.,  Philadelphia  Electric  Company,  Philadelphia,  Pa, 
Keeler,  J.  P..  Asheville  Electric  Company,  Asheville,  N.  C. 
Kennedy,  D.,  Colorado  Springs  Electric  Company,  Colorado  Springs,  Colo. 
Kent.  E.  G.,  Public  Service  Corporation  of  New  Jersey.  Jersey  City.  N.  J. 
Kibbe,   A.   S.,   Home   Electric    Light   and    Steam   Heatmg   Co.,    Philadel- 
phia, Pa. 
King,  H.  D.,  Public  Service  Corporation  of  New  Jersey,  Hoboken,  N.  J. 
Leigh,  Albert,  Fall  River  Electric  Light  Company,  Fall  River,  Mass. 
Lewis,   W.  M.,  Public  Service  Corporation  of  New  Jersey,   East  Somer- 

ville,  N.  J. 
Licb,  J.  W.,  Jr.,  The  New  York  Edison  Company,  New  York  City. 
Littell,  H.  M.,  San  Antonio  Gas  and  Electric  Company,  San  .Antonio,  Tex. 
Little,  Francis  W..  Peoria  Gas  and  Electric  Company,  Peoria,  III. 
Lloyd,  E.  W.,  Chicago  Edison  Company,  Chicago,  111. 
Lukes,  Geo.  H.,  North  Shore  Electric  Company.  Evanston.  III. 
LUpke,  Paul,  Public  Service  Corporation  of  New  Jersey,  Trenton,  N.  J. 
Lynch,  A.  H.,  Public  Service  Conwration  of  New  Jersey,  Morristovrn,  N.  J. 
Manwaring,  A.  H  ,  Philadelphia  Electric  Company,  Philadelphia,  Pa. 
McCall,  Jos.  B.,  Philadelphia  Electric  Company,  Philadelphia,  Pa. 
McCarthy,    J,    M.,    Quebec-Jacques    Cartier    Electric    Company,    Quebec, 

Canada. 
McCoy,   W.   E.,   The  United  Electric  Light   and   Power   Company,   New 

York  City. 
McDonald,  W.  B.,  Evansville  Gas  and  Electric  Light  Company,  Evans- 

ville,  Ind. 
McFeeley,  Jno.,  Public  Service  Corporation  of  New  Jersey,  Bristol,  Pa. 
Miller,  John  B..  The  Edison  Electric  Company.  Los  Angeles,  Calif. 
Moore,  J.  L.,  Public  Service  Corporation  of  New  Jersey,  Camden,  N.  J. 
Moultrop,    Irving    E.,    The    Edison    Electric    Illuminating    Company    of 

Boston,  Boston,  Mass. 
Murphy,   John,    Ottawa    Electric    Company,    Ottawa,    Ontario. 
Niesr,  Homer  E.,  Chicago  Edison  Company,  Chicago,  III. 
Nunn,  Josiah  J.,  Telhiride  Power  Company,  Provo.  Utah. 
Nnnn,  P.  N„  Telluridc  Power  Company,  Niagara  Falls,  N.  Y. 
Parker,    Charles    H.,    The    Edison    Electric    Illuminating    Company    of 

Boston,  Boston,  Mass. 
Partridge,     Warren,     Public     Service     Corporation     of     New     Jersey, 

Orange,  N.  J. 
Peck,  Edward  F.,  Schenectady  Illuminating  Company,  Schenectady,  N.  Y. 
♦Peters.  Chas.  H.,  Durango  Light  and  Power  Company,  Durango,  Colo. 
Ploramer,  H.  W.,  Asheville  Electric  Company,  Asheville,  N.  C. 
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Power,    W.    R.,    Home    Electric    Light    and    Steam    Heating    Company, 
Tyrone,  Pa. 

Purcell,  Thos.  E..  Billings  Water  Power  Company,  Billings,  Mont. 

Reesman,  John  S.,  North  Shore  Electric  Company.  Highland  Park,  111. 

Richards.    E.    J.,    Newburgh    Light,    Heat    and    Power    Company,    New- 
burgh,  N.  Y. 

Richardson,    H.    C,    Public    Service   Corporation   of    New    Jersey,    Metu- 
chen,  N.  J. 

Rix,  Anson  F..  East   River  Electric  Company,   Blucfield,  W.  Va. 

Rogers,    W.    H.,    Public    Service    Corporation    of    New    Jersey,    Pater- 
son,  N.  J. 

Scherck,   Leon   H.,    Birmingham    Railway,    Light    and    Power   Company, 
New  York  City. 

Schmidt,    F.    W.,    Public    Service    Corporation    of    New    Jersey,    Jersey 
City,  N.  J. 

Schwabe,   Walter  P.,  Public  Service  Corporation  of  New  Jersey,  Hack- 
ensack,  N.  J. 

Sheridan,  Sarah  M.,  Peninsular  Electric  Light  Company,  Detroit,  Mich. 

Sherwm,  John  J.,  United  Light  and  Power  Company,  Idaho  Springs,  Colo. 

Smith,  F.  EUwood,  The  Edison  Electric  Illmninating  Company  of  Bos 
ton,  W.  Somerville,  Mass. 

Stelling,  C.  A.,  Public  Service  Corporation  of  New  Jersey,  Passaic,  N.  J. 

Stevens,  E.  H.,  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 

Sullivan,  R.  B.,  Denver  Gas  and  Electric  Company,  Denver,  Colo, 

Thompson,  Wright  B.,  Peninsular  Electric  Light  Company,  Detroit,  Mich. 

Titzell,    W.    W.,    Public    Service    Corporation    of    New    Jersey,    Jersey 
City.  N.  J. 

Tripp,    Geo.  B.,  Colorado  Springs  Electric  Company,  Colorado  Springs, Colo. 

Tuttk,  W,  B,.  Consolidated  Gas  Company.  I^Hig  Branch,  N.  J. 

Uhlenhart.  F.  Jr.,  Allegheny  County  Light  Company,  Pittsburgh,  Pa. 

Urban.  O.  C.  G.,  Key  West  Electric  Company,  Key  West,  Fla. 

Vredenburgh.    LaRue,    Tlie    Edison    Electric    Illuminating    Company    of 
Boston,  Boston,  Mass. 

Wallace,  L.  M.,  The  Edison  Electric  Illuminating  Company  of  Boston, 
Boston.  Mass. 

Warner,  E.  N.,  Billings  Water  Power  Company,  Billings,  Mont. 

Wells,  H.  H.,  Public  Service  Corporation  of  New  Jersey.  Orange,  N.  J. 

Wendle.  George  E.,  Lycoming  Electric  Company,  Williamsport.  Pa. 

White  W.  F..  Peninsular  Electric  Light  Company,  New  York  City. 

Wilson,   John    A.,    Public    Service    Corporation    of    New    Jersey,    Tren- 
ton, N.  J. 

Yawger,   Thomas   H.,   Rochester   Railway  and  Light   Company,   Roches- 
ter, N.  Y. 

Young,  O   H.,  Wabash  Water  aryi  Light  Company,  Wabash,  Ind. 

Young,  Percy  S.,  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 

Young,  R.  R.,  Public  Service  Corporation  of  New  Jersey,  Passaic,  N.  J. 


MEMBERS— CLASS  C 


Adams,  Comfort  A.,  Harvard  University,  Cambridge,  Mass. 

Brown,  Charles  F.,  Vanderbilt  College,  Nashville,  Tenn. 

Caldwell,  Francis  C-,  Ohio  State  University,  Columbus,  Ohio. 

Comstock,  Charles  W.,  213  Boston  Building.  Denver,  Colo. 

Cooper,  Frank  L.,  Johns-Hopkins  University,  Baltimore,  Md. 

Crain,  L.  D.,  State  Agricultural   College,  Fort  Collins,  Colo. 

Dates,  Henry  B.,  School  of  Applied  Science.  Cleveland,  Ohio. 

Frcednian,  W.  H.,  University  of  Vermont,  Burlington,  Vt. 

Green,  Jerome  J.,  University  of  Notre  Dame,  Noire  Dame,  Ind. 

Hazard.  William  J.,  Colorado  School  of  Mines,  Golden,  Colo. 

Hirokawa,  T.,  Doshisha  College,  Kyoto,  Japan. 

Jack-son,  Dugald  C,  University  of  Wisconsin,  Madison.  Wis. 

Kay,  Edgar  B.,  University  of  Alabama,  Tuscaloosa,  Ala. 

Kennelly,  A.  E.,  Harvard  University,  Cambridge,  Mass. 

Kent,  James  M.,  Manual  Training  High  School,  Kansas  City,  Mo. 

Kent,  William,  Syracuse  University,  Syracuse,  N.  Y. 

Lawrence,  Ralph  R.,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 

Lee,  Claudius,  Virginia  Polytechnic  Institute,  Blacksburg,  Va. 

Macomber,  George  Stanley,  Sibley  College,  Cornell  University,  N.  Y. 

Magnusson,  Carl  Edward,  L'niversity  of  Washington,  Seattle,  Wash. 

Noble,  G.  C,  University  of  California,  Berkeley,  Calif. 

Nordstrom,  L.  D.,  Purdue  L^niver.sity.  Lafayello,  Ind. 

Norris,  Henry  H.,  Cornell  University,  Ithaca,  N.  Y. 

Patten,  H,  E.,  University  of  Wisconsin,  Madison,  Wis. 

Patterson,  George  W.,  University  of  Michigan,  Ann  -Arbor.  Mich. 

Perrine,  Frederic  A.  C,  Polytechnic  Institute.  Brooklyn,  N.  Y. 

Radtke,  A.  A.,  Armour  Institute,  Chicago.  III. 

Rowland,  Arthur  J.,  Drextl  Institute,  Philadelphia,  Pa. 

Ryan.  Harris  J.,  Cornell  University,  Ithaca,  N.  Y, 

Sawyer,  A.  R.,  Agricultural  College,  Lansing,  Mich. 

Shaad,  Geo.  C,  University  of  Wisconsiin,  Madison,  Wis. 

Shaw,  H.  B.,  University  of  Missouri,  Columbia,  Mo. 

Sheldon,  Dr.  Samuel,  Polytechnic  In.stilute,  Brooklyn.  N.  Y. 

Shepardson,  George  D.,  University  of  Minnesota,  Minneapolis,  Minn. 

Smith,  Harold  Babbitt,  Worcester  Polytechnic  Institute.  Worcester.  Mass. 

Smith,  Harrison  W.,  Massachusetts  Institute  of  Technology,  Boston,  Mass. 

Swenson,  B.  B.,  University  of  Wisconsin,   Madison,  Wis. 

Thaler,  Joseph  A,  Montana  Agricultural  College.  Bozeman,  Mont. 

Wilson,  Alexander  Massey,  Kentucky  State  College.  Lexington,  Ky. 

Wolcott,  E.  R.,  Colorado  School  of  Mines,  Golden,  Colo. 


^^^^^^^^^^^m.             '^'mMUmW^I 
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ASSOCIATE  MEMBER  COMPANIES— CLASS  D 

1 

Amperr,  N,  J., 

Crocker-Wheeler  Company 

^^k 

Auburn,  N.  Y., 

Mcintosh,  Seymour  and  Company 

^^^^1 

Baltimore,  Md., 

Electrical  Maierial  Company 

^^^^1 

Bangalo&k  City. 
Br.  India, 

•  B.  D.  Naih 

^ 

Boston,  Mass., 

Albert  and  J.  M.  Anderson  Manufacturing  Company 

American  Telephone  and  Telegrapt  Company 

Electrical  Auditing  Company 

Electric  Gas  Lighting  Company 

Frank  Rldlon  Company 

Herbert  S.  Potter 

J.  S.  Codman  and  Company 

Massachusetts  Chemical  Company 

McKcnney  and  Waterbury  Company 

Pcttingell-Andrews  Company 

Stuart-Howland  Company 

The  Simplex  Electrical  Company 

Thomas  C.  Wales 

^^^^•J 

1              Bridgeport,  Conn 

.,  Bryant  Electric  Company 

^^^H 

Buffalo,  N.  Y., 

National  Battery  Company 

^^^^1 

Chelsea,  Mass.. 

American  Circular  Loom  Company 

^^^^1 

Chicago,  111., 

American  Electrical  Supply  Company 

Chicago  Fuse  Wire  and  Manufacturing  Company 

Dearborn  Drug  and  Chemical  Company 

Electric  Appliance  Company 

Gregory  Electric  Company 

The  Arnold  Company 

Western  Electric  Company 

IVeslcrn   Electrician 

1 

CiNciwNATi,  Ohio, 

Triumph  Electric  Company 

^^^H 

Cleveland.  Ohio. 

Adams-Bagnall  Electric  Company 
Buckeye  Electric  Company 
National  Carbon  Company 

^ 

" 

Covington,  Ky.. 

Hemtngray  Glass  Company 

Dayton,  Ohio, 

National  Cash  Register  Company 

Detroit,  Mich.. 

The  Phelps  Company 

1               East  Pittsburgh, 
Pa„ 

>  The  Weatinghousc  Machine  Company 

,              Fort  Waynr,  Ind 

,   Fort  Wayne  Electric  Works 

Fostoria,  Ohio. 

Crouse-Tremaine  Carbon  Company 

Great  Barhing- 
TON,  Mass.. 

1 

■Stanley  Instrument  Company 

1 

'  Chase-Shawmui  Company 

Albcrgcr  Condenser  Company 

American-Diesel  Engine  Company 

American  Vitrified  Conduit  Company 

Association  of  Licensed  Manufacturers  of  Incandescent 

Lamps 
Atlantic  Insulated  Wire  and  Cable  Company 
Bryan-Miirsb  Company 
Converse  D.  Marsh 
De  La  Vergnu  Machine  Company 
EUctrical  Rn>uw  PublishinK  Company 
Electrical  Testing  Laboratories 
Electficity  Newspaper  Company 
Ford,  Bacon  and  Davis 
Franklin  H.  Kalbfleisch  Company 
General  Electric  Company 
Gould  Storage  Battery  Company 
H.  B.  Camp  Company 
Holophane  Glass  Company 
Hugo  Reiainger 

H.  W.  Johns-Man viJle  Company 
India  Rubber  and  Gutta  Percha  Insulating  Company 
International  Steam  Pump  Company 
Jeremiah  J.  Kennedy 
J.  G.  White  Company 
J.  Henry  Hatlberg 
John  A.  Roebling's  Sons  Company 
Manhattan  Electrical  Supply  Company 
McGraw  Publishing  Company 
National  Conduit  and  Cable  Company 
New  York  Insulated  Wire  Company 
Osburn  Flexible  Conduit  Company 
Rossiter,  MacGovern  and  Company 
Sanderson  and  Porter 

Sprague  Electric  Company  . 

Standard  Vitrified  Conduit  Company 
The  Gassier  Magatiite  Company 


New  York  City, 

Philadelphia,  Pa., 
Pittsburgh,  Pa., 


PiTTSFiELD,  Mass., 
Providence,  R.  I., 

St.  Louis,  Mo., 


South  Bend,  Ind., 
Springfield,  Mass., 
Syracuse,  N,  Y., 

Trenton,  N.  J., 
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4.  Report — Committee  on  Progress.    T.  G>mmerfosd  Martin^ 

Reporter 
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C.  E.  Skinner 
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MINUTES 


OPENING  OF  THE  CONVENTION 


The  twenty-eighth  convention  of  the  National  Electric  Light 
Association  was  held  at  Denver  and  Colorado  Springs,  June  6, 
7,  8,  9,  lo  and  ii,  1905.  The  business  sessions  were  held  at  the 
Brown  Palace  Hotel,  Denver,  June  6,  7  and  8.  The  meeting 
was  called  to  order  by  President  Davis  at  half  after  ten  o'clock, 
Tuesday  morning,  June  6.  The  first  order  of  business  was  the 
address  of  welcome.  President  Davis  introduced  the  Hon.  Rob- 
ert W,  Speer,  mayor  of  the  city  of  Denver,  who  delivered  the 
following  address: 


ADDRESS  OF  MAYOR  SPEER 


Mr.    President  and  Members   of  the  National  Electric   Light 
Association: 

It  is  a  pleasure  for  me  to  welcome  such  a  representative  body 
of  men  to  this  city.  When  we  learned  that  your  convention  was 
to  be  held  here  we  were  pleased,  because  we  believed  that  you 
could  do  us  good  and  that  by  meeting  and  becoming  acquainted 
with  the  warm-hearted  western  people  your  views  and  opinions  of 
the  great  West  would  be  enlarged.  We  have  a  city  that  is 
new.  It  lacks  many  of  the  ornaments  that  are  pleasing  to  the 
eye,  yet  we  are  laying  a  good  foundation  and  we  are  going  to 
build  Denver  so  that  it  will  be  known  all  over  this  country  for 
beauty  and  business  combined.  There  is  no  city  in  the  West, 
or  in  any  part  of  the  United  States,  where  the  people  are  more 
loyal  and  enthusiastic  than  in  Denver.  There  is  no  state  with 
greater  possibilities  than  Colorado.  It  extends  about  300  miles 
from  north  to  south  and  400  miles  from  east  to  west — an  empire 
in  itself.  We  take  from  the  hills  over  two  million  dollars'  worth 
of  gold  every  thirty  days.  We  have  more  coal — lignite,  bitumi- 
nous and  anthracite — than  the  great  state  of  Pennsylvania.  We 
have  exceedingly  large  products  of  silver,  lead,  zinc  and  copper. 
Our  cattle  on  the  ranges  in  northwestern  Colorado  feed  with  the 
elk  and  the  deer.  Our  sugar-beet  industry  is  new,  and  yet  it 
will  this  year  exceed  any  other  state  in  the  Union  in  production. 
You  will  notice  that  I  have  been  asked,  in  saying  a  few  words 
to  you,  to  "boost"  Denver  and  Colorado. 

I  want  to  ask  you  if  you  have  heard  of  our  Greeley  potatoes, 
our  Colorado  celery,  our  Grand  Junction  peaches,  our  Cafion 
City  strawberries  and  our  Rocky  Ford  melons.  Wc  have  alti- 
tudes here  from  about  4000  to  15,000  feet.  You  can  stay  down 
where  it  is  warm  or  you  can  go  up  where  you  can  snowball 
any  day  in  the  year.  From  experience,  our  agriculturists  and  fruit 
raisers  are  learning  that  there  is  a  certain  altitude  and  certain 
soil  where  they  can  raise  the  best  wheat  and  potatoes,  the  sweetest 
melons  and  peaches,  and  as  we  shall  store  this  water  that  is 
running  to  waste,  and  hold  it  back  until  we  need  it,  we  shall 


make  Colorado's  barren  places  blossoni  as  a  rose.  But  our 
climate  is  an  asset  greater  than  our  mines,  our  farms  and  our 
ranches.  Tribute  is  paid  to  it  from  every  state  in  the  Union. 
You  are  to-day  one  mile  above  the  level  of  the  sea.  You  feel 
our  altitude,  yet  you  enjoy  our  cool  nights,  and  if  you  remain 
long  enough  you  will  find  that  the  change  will  do  you  good.  1 
came  here,  over  twenty  years  ago,  a  consumptive  from  Penn- 
sylvania. My  father,  brother  and  sister  died  of  lung  trouble. 
I  had  hemorrhages  and  was  confined  to  my  bed  six  weeks  at 
a  time.  I  attended  school  in  Williamsport,  that  beautiful  little 
city  where  the  president  of  your  association  resides.  My  physi- 
cian said,  "Colorado  is  your  only  hope."  I  came  here  and  pur- 
chased a  team  in  Denver  and  started  out.  For  two  years  I 
roughed  it  and  lived  out  of  doors;  spent  my  summers  in  the 
mountains,  driving  south  into  New  Mexico  during  the  winter.  Dur- 
ing the  summer  I  lived  in  an  altitude  where  when  we  killed  a 
deer  it  remained  sweet  and  pure  for  weeks  at  a  time.  We  had 
a  roi>e  and  pulley  that  we  fastened  near  the  top  of  a  tree.  We 
covered  the  deer  with  a  piece  of  gunny  sack  to  keep  off  the 
flies,  then  drew  it  up  into  the  pure  air.  It  would  harden  and 
dry  a  little  on  the  outside,  but  would  remain  sweet  and  pure 
for  weeks.  The  air  in  which  you  can  keep  meat  fresh  all  dur- 
ing the  summer  will  stop  decay  of  the  lungs,  and  by  out-door  life 
they  will  be  fully  restored.  Our  bright  sunny  days  the  whole 
year  round,  our  pure  air  and  our  cool  nights,  have  given  the 
bloom  of  health  to  many  sad,  pinched  faces. 

In  Colorado  we  all  boast.  We  can  not  help  it— it  is  in  the 
air.  If  any  of  you  gentlemen  are  looking  for  a  change  of  loca- 
tion— if  you  want  to  start  in  and  personally  help  in  developing 
and  opening  up  the  wonderful  resources  of  this  new  empire; 
if  you  have  money  to  invest  and  want  to  place  it  where  it  will 
be  safe  and  will  give  sure  returns;  if  your  health  is  failing,  or 
you  feel  that  you  are  breaking  down  under  the  strain  and  cares 
of  business — turn  toward  Denver  and  Colorado. 

In  behalf  of  the  men  and  women  of  this  city  I  want  to 
■extend  to  you  the  hand  of  hospitality,  the  freedom  of  our  city; 
good  wishes  and  kind  thoughts  for  your  comfort  and  happi- 
ness while  here  and  for  a  longing  to  return  after  you  go  away. 
Gentlemen.  Denver  is  yours;  the  gate  is  now  wide  open — walk 
in  and  help  yourselves. 


The  President:  Gentlemen,  I  am  sure  we  all  appreciate 
the  hearty  welcome  extended  to  us  by  Mayor  Speer.  The  good 
things  he  has  said  about  Denver  in  his  address  are  some  of  the 
reasons  that  induced  us  to  select  Denver  as  our  place  of  meeting. 
We  thought  it  would  be  a  good  idea,  and  would  be  an  educa- 
tion for  many  of  our  members,  to  come  West,  and  after  listening 
to  the  eloquent  remarks  of  the  mayor  and  anticipating  the 
pleasant  experiences  we  shall  have  .during  our  stay  in  Colorado, 
I  am  sure  we  have  made  no  mistake  in  selecting  Denver-Colorado 
Springs  as  our  place  of  meeting. 

I  wish  to  thank  Mayor  Speer,  on  behalf  of  the  association, 
for  his  address  of  welcome. 


ANNOUNCEMENTS 


Secretary  Farrand  announced  that  the  following-named 
gentlemen  had  communicated  their  regret  at  being  unable  to 
attend  the  meeting: 

Past-President  Samuel  Duncan,  Atlanta,  Ga. 
Past-President  Edwin  R.  Weeks,  Kansas  City,  Mo. 
Past-President  Edward  A.  Armstrong,  Camden,  N.  J. 
Past-President  James  B.  Cahoon,  New  York  City 
Past-President  Charles  L.  Edgar,  Boston,  Mass. 
P.  G.  Gossler,  New  York  City,  Member  of  the  Executive 

Committee 

Dr.    Edward    L.    Nichols,    Cornell    University,    Honorary 

Member 

Elihu  Thomson,  Lynn,  Mass.,  Honorary  Member 
George  D.  Forbes,  London,  England,  Honorary  Member 
Charles  F.  Brush,  Cleveland,  Ohio,  Honorary  Member 
Professor  Henry  T.  Bovey,  McGill  University,  Honorary 

Member 


ADDRESS  OF  PRESIDENT  DAVIS 


To  :ke  Members  of  the  Saticn<iL  Electric  Light  Association: 

For  the  first  time  in  tire  faistonr  of  the  Xatiotial  Electric 
Light  Association,  its  annnal  aMiTendon  will  be  held  west  of 
die  Missoori  River,  and  no  more  iryptcal  dxj  of  the  West  coald 
haTe  been  selected  than  the  progressrre  mtmicipality  of  Demer, 
nor  any  mi^re  beantiftrl  5p»3t  rHan  Coioradi>  Springs.  The  choice 
ot  OCT  place  of  meeting  was  a  tribute  to  die  development  of  the 
cencral-statioti  rndastry  thrcughoot  the  West  and  was  intended 
to  bring  oar  western  members  in  cltsser  tocch  with  the  work  and 
objects  of  the  asaxriad-r-n  an-i  to  secure  cicser  pers«xial  relataans 
among  •.''cr  rr.e!nlxr^  frrr:  all  iecdcns  •:■:  the  ojcntrv.  The  pres- 
ent o.?r:ven:^i:c  —ay  theref-'-re  be  termeti  stt'trewhat  missionary 
in.  its  jbfecL  The  membership  cf  the  associatiir-n  becomes  per- 
cepdbly  smaller  as  we  go  wescwar-:.  and  :r  is  expected  that  dx 
Denver-Co i<:radi?  Springs  zr-c^iT^^  will  result  in  a  large  increase 
in  OCT  :n.t2iibership  cri-m  the  West.  The  state  of  Colorado  is. 
howevtir.  an  exceporn.  in  that  an  TauscaZy  large  prcp«:rtf»?n  of 
the  central  scaticns  Iccared  within  its  bor-iers  are  alreadv  mem- 
bers of  the  ass*:ciaricn. 

In  ••'^•:;^  oonnectiirn.  it  wiH  not  be  amiss  to  refer  brtrfv  to 
the  work  iirne  by  the  as*:ciari«:n  in  recent  years.  The  amiuai 
convetdtrns  oifer  the  o-nly  general  :cc-«:mmity  for  a  persjjnai 
exchan:£e  of  thoc^ht  aa«i  experience  .tm:rg  a  large  nnmber  of 
cencral-stariirn  mana^jers.  as  weil  as  for  the  tresentatsrc  of 
:»pers  in<i  iiscnssicns  :n  matters  'ji  general  rtter^st.  Bnt  the 
aeid  :f  the  asarciaricn  is  5ir  br-.ader  than  ±e  ben«ait  derived 
fr:m  sccit  oers:nal  -ixjiiange  :f  imiiT-jitial  Tiews  and  the  read- 
ins:  -C  carers  and   tisonssicns  fonndei  ther^i-rc. 

The  interests  :f  the  ^sntral  srat:i:a  :::cs:dere-:  as  an  ird:25try 
are  whar  ".:ave  '.areiv  recei"*i  the  best  thcnght  an<i  work  of 
•-our  iss*:oani:n .  ±e  -ritai  ttiescicns  being  tc  'ccger  pre- 
eninent:--  -h«:se  :f  management  :r  t^pe  :f  riant,  bet  rather 
these  r^iatrng  to  the  jrahilir;.-  and  !eg:nniare  ■iartnng  p«:wer  of 
the  -Jiiiuscry. 

Tlie    :-ne   jreat   2n«i    ::cnstant   menace   to    tne   iorusTry   is 


unwise,  burdensome  and  restrictive  legislation  by  the  munici- 
pality and  the  state.  The  right  to  tax  is  the  power  to  destroy. 
The  power  to  regulate  contains  the  germ  of  the  danger  of  con- 
fiscation, in  whole  or  in  part.  The  regulation  of  the  industry 
by  a  commission  with  powers  such  as  are  vested  in  the  Gas  and 
Electric  Light  Commission  of  the  state  of  Massachusetts  may 
be  proper  and  satisfactory  as  safeguarding  the  rights  of  both 
the  public  and  the  investor.  But  regulation  by  a  commission 
brought  into  being  by  a  manufactured  public  sentiment^  and 
having  its  inception  in  politics,  not  primarily  or  honestly  intended 
to  remedy  any  admitted  public  oppression  or  to  properly  regu- 
late the  use  of  public  franchises,  can  not  be  fair  either  to  the 
public  or  to  the  investor  and  must  result  in  gross  injustice  to 
the  industry. 

The  association  should  not  be  passive  while  laws  placing 
the  industry  under  the  regulation  of  coitimissions  are  passed 
by  the  several  states,  without  making  proper  suggestions  whereby 
such  laws  would  be  made  reasonable  and  uniform  in  their  pro- 
visions. Nor  should  it  permit,  without  protest,  the  passage  of  any 
laws  admittedly  unduly  restrictive  and  burdensome.  The  object 
should  be  to  have  the  general  laws  of  the  several  states  relating 
to  the  industry  conform  to  some  standard,  fair  both  to  the  pub- 
lic and  to  the  industry. 

For  one  stale  to  grant  only  very  limited  term  franchises 
under  burdensome  restrictions  and  for  another — and  possibly 
an  adjoining  state — to  grant  perpetual  franchises  without  restric 
tions ;  for  one  state  to  reserve  the  right  to  fix  and  change  the 
rate  of  charge  for  service  rendered  and  for  another  state  to 
empower  any  municipality  to  make  any  rate  it  may  see  fit  and 
to  change  the  same  when  and  as  it  pleases — can  not  but  injuri- 
ously affect  the  stability  of  the  industry  from  the  standpoint  of 
the  investing  public. 

I  would  therefore  recommend  the  appointment  of  a  stand- 
ing committee  on  legislation,  to  aid  in  protecting  the  interests 
of  our  members  should  occasion  arise. 

The  formation  of  state  or  sectional  associations,  whose 
object  it  shall  be  to  call  the  attention  of  the  interests  aflFected 
to  proposed  legislation  and  to  secure  concert  of  action  for 
mutual  protection,  should  be  encouraged.  Such  associations 
could  very  advantageously  act  in  conjunction  with  your  asso- 


ciadon's  committee  on  legislation.  The  good  work  already  dotie 
in  this  direction  by  existing  state  or  sectional  associations  has 
been  very  much  appreciated  by  the  interests  benefited. 

It  was  my  intention  to  surest  a  codification  of  the  laws 
of  the  several  states  relating  to  the  central-station  industry,  for 
the  benefit  of  our  members  and  others  interested,  but  the  work 
has  been  done,  in  a  manner,  and  is  now  in  book  form. 

Another  important  question  is  that  of  municipal  ownership, 
whidi.  whSe  as  yet  limited  generally  to  the  construction  and 
operatioo  by  municipalities  of  plants  for  public  lighting,  is  more 
than  likdr  to  result  in  the  general  attempt  to  engage  in  private 
or  awuDerdal  lighting  in  aid  of  public  lighting. 

By  way  of  self-protection,  the  central  station  should  more 
than  Kvc  up  to  the  obligation  of  its  franchises;  should  furnish 
public  lighting  at  reasonable  prices,  and  should  serve  the  pub- 
lic so  wdl  that  any  agitation  started  for  political  or  personal 
ends  would  not  receive  the  support  of  a  justly  indignant  public. 

As  the  basis  of  the  argument  in  favor  of  municipal  owner- 
ship is  largely  that  of  a  reduction  in  the  cost  of  public  lightin^j 
to  the  ta^qnyer,  we  should  be  prepared  to  answer  this  claim — 
as  can  be  done — by  the  concrete  results  of  the  operations  of 
existing  raimicipally-operated  plants. 

It  is  to  be  r^retted  that  the  League  of  .American  Munici- 
palities has  not  accepted  the  proposition,  repeatedly  made  by  the 
National  Electric  Light  Association,  to  join  m  a  thorough  and 
impartial  investigation  of  the  results  of  the  operation  of  exist- 
ing munidpaJ  electric-lighting  plants  in  this  countrj-.  We  know, 
but  the  public  generally  does  not,  that  such  results  do  not 
justify  or  support  even  a  part  of  the  claims  nnade  by  the  advo- 
cates of  mnniripal  ownership. 

Tbe  amendments  to  the  by-laws  adopted  at  the  last  conven- 
tion, relating  to  various  classes  of  members^  have  resulted  in  a 
satisfactory  additsoo  to  our  membership.  Members  Class  B  are 
officers  or  employees  of  member  companies,  and  now  n  amber 
117;  members  Class  C  are  instructors  and  teachers  of  engineer- 
ing and  related  sciences,  and  now  mmiber  39;  and  memberaj 
Otasi  £  are  officers  or  employees  of  associate  member  com- 
panies, and  now  number  €6.  The  total  membership  b  now  824. 
as  compared  with  583  ooe  year  ago. 

The  Associatioo  of  Licensed   Manufacturers  of  Incandes-, 


cent  Lamps  has  appropriated  the  sum  of  $10,000  for  the  pur- 
pose of  effectively  co-operating  with  the  central  Hghting  sta- 
tions of  the  country  for  the  increased  use,  and  in  consequence 
sale,  of  incandescent  lamps. 

The  plan  contemplates  its  expenditure  in  two  ways : 

First — To  be  helpful  in  stimulating  central  stations  along 
advertising  and  new  business  lines. 

Second — To  assume  the  cost  of  preparation  of  an  effectual 
and  comprehensive  plan  of  advertising  and  soliciting,  which,  in 
consequence,  could  be  furnished  by  some  central  bureau  or  adver- 
tising agency  at  a  very  low  cost. 

As  the  plan  suggested  would  be  of  great  value  to  the  cen- 
tral-station industry,  I  would  recommend  that  a  committee  be 
appointed  to  work  in  conjunction  with  the  Association  of 
Licensed  Manufacturers  of  Incandescent  Lamps. 

Our  late  president  made  some  very  pertinent  suggestions  as  to 
the  labors  and  difficulties  attending  the  discharge  of  the  duties 
of  president  of  your  association  and  the  value  and  necessity  of 
having  meetings  of  the  executive  committee  during  the  interim 
between  conventions,  to  secure  a  continuity  of  the  established 
policy  of  the  association  and  to  keep  in  close  touch  with  the 
needs  of  our  members  in  all  sections  of  the  country.  The  sug- 
gestions made  I  endorse.  The  individual  policy  and  efforts  of 
succeeding  presidents,  no  matter  how  able  they  may  be.  can  no 
longer  do  full  justice  to  the  interests  of  our  members,  widely 
scattered  as  they  are.  The  executive  committee  must  be  the 
connecting  link  between  the  work  of  succeeding  presidents.  Its 
members  should  be  selected,  so  far  as  ]X)ssible,  to  represent  geo- 
graphically the  several  sections  of  the  country,  and  should  meet 
often  enough  to  place  the  president  in  touch  with  the  needs  of 
their  localities. 

Steps  should  be  taken  to  provide  a  place  and  facihties  for 
a  library  to  contain  papers,  periodicals  and  publications  issued 
from  time  to  time»  relating  to  all  subjects  of  interest  to  the 
central-station  industry.  The  original  data  collected  by  the  sev- 
eral Committees  and  reporters  appointed  from  time  to  time  should 
be  filed  in  the  office  of  the  association,  together  with  all  the  corre- 
spondence on  the  part  of  the  executive  officers  of  the  associa- 
tion and  others  relative  to  the  important  questions  that  fall  to 
their  lot  to  deal  with.     Each  president  in  turn  is  handicapped 
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by  finding  substantially  no  record  in  detail  of  the  work  of  any 
of  his  predecessors,  and  is  therefore  at  a  great  disadvantage  in 
attempting  to  deal  with  any  important  question  that  may  over- 
lap the  term  of  more  than  one  president  or  may  have  some  rela- 
tiofi  to  events  of  the  past. 

A  committee  should  be  appointed  to  consider  and  report  on 
the  proper  method  of  grounding  secondaries  of  alternating-cur- 
rent distributing  systems  so  as  to  minimize  the  risk  and  dan- 
ger to  property  and  life. 

The  suggestion  made  by  the  committee  for  the  investiga- 
tion of  steam  turbines,  that  its  work  be  continued,  is  endorsed. 

While  not  strictly  among  the  objects  of  the  association,  it 
would  be  well  for  our  members  to  consider  the  advisability  of 
consolidating  the  street-railway,  g^as  and  electric  companies  in 
any  given  locality,  as  not  only  would  the  public  be  better  served, 
but  the  total  investment  would  be  more  stable  and  the  results 
equally  satisfactory. 

During  the  holding  of  the  Louisiana  Purchase  Exposition, 
in  1904,  your  association,  through  the  kindness  of  the  Associa- 
tion of  Edison  Illuminating  Companies,  was  granted  the  use  of 
part  of  its  space  at  the  exposition  for  the  accommodation  of  our 
members,  and  1  desire  to  take  this  opportimity  to  thank  our  sis- 
ter association  for  the  courtesies  extended. 

At  the  meeting  of  the  International  Electrical  Congress, 
held  in  September,  1904,  at  the  exposition,  the  association  was 
ably  represented  by  tlie  gentlemen  selected  at  its  Boston  meet- 
ing. I  desire,  therefore,  to  thank  Mr.  George  Ross  Green, 
Dr.  Frederic  A.  C.  Perrine  and  Mr.  George  N.  Eastman  for  their 
very  able  papers  and  for  the  manner  in  which  they  sustained 
and  added  to  the  reputation  of  the  association. 

But  few  of  us  appreciate  the  tremendous  power  of  the  asso- 
ciation ;  the  great  possibilities  for  good  or  for  evil  that  rest  in 
the  direction  of  its  policy,  and  the  importance  of  the  interests 
involved.  Our  relations  to  the  great  public,  our  customers;  to 
the  legislative  power,  to  which  we  arc  all  subject ;  to  tlie  munici- 
pality, under  whose  franchises  wc  operate ;  to  the  great  manufac- 
turers of  apparatus  and  supplies ;  to  the  insurance  interests,  with 
whom  we  must  always  maintain  the  most  intimate  relations ;  and 
last,  but  by  no  means  least,  to  our  stockholders  and  all  others 
pecuniarily  interested  in  the  properties  we  manage — these  are 
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the  great  and  vital  questions  that  are  now  uppermost.  It  will 
be  for  future  administrations  to  deal  with  them  wisely  and  con- 
servatively. 


The  President:     It  has  been  customary  to  have  a  com- 

tnittee  appointed  to  which  the  president's  address  is  referred. 
I  assume  that  the  secretary  will  announce  that  committee  later, 

(The  committee  announced  subsequently  by  Secretary  Far- 
rand  was  composed  of  Messrs.  Louis  A.  Ferguson,  chairman, 
Frank  W.  Frueauff,  George  R.  Stetson,  Samuel  Scovil  and 
S.  T.  Games. ) 

The  President  :  We  will  now  receive  the  refjort  on  Prog- 
ress, Mr.  T.  Commerford  Martin,  of  New  York,  editor.  Mr. 
Martin  will  also  read  the  special  report  on  the  tantalum  lamp, 
prepared  by  Dr.  Louis  Bell,  of  Boston. 

Mr.  T.  Commerford  Martin  (New  York  city) :  Mr.  Presi- 
dent and  gentlemen — As  my  report  as  editor  of  the  committee 
on  progress  is  in  type,  it  seems  hardly  necessary  to  inflict  upon 
you  an  exhibition  of  bad  elocution.  I  should  like  merely  to  call 
your  attention  to  the  various  heads  of  the  paper  and  leave  you 
to  read  it  at  your  leisure.  The  statistics  of  the  industn,-,  as 
usual,  are  first  considered,  and  one  or  two  aspects  of  the  growth 
of  our  industry  in  this  country  are  briefly  referred  to.  Emphasis 
is  particularly  laid  by  your  committee  on  the  cultivation  of  the 
small  consumer,  suggesting  that  perhaps  a  little  less  effort  be 
made  in  the  direction  of  crowding  out  the  isolated  plant  and  a 
httle  more  energy  be  displayed  in  the  cultivation  of  the  small 
consumer. 

In  that  connection  it  occurred  to  your  committee  that  it 
would  be  interesting  and  valuable  to  have  at  this  convention  an 
exhibit  of  the  advertising  methods  and  material  used  by  some 
of  the  companies  in  this  country;  also  an  exhibit  of  some  of  the 
"follow-up"  methods  by  means  of  which  the  impression  created 
by  advertising  is  driven  home  and  new  patrons  are  secured. 
After  consultation  with  our  president  it  has  been  determined  to 
associate  with  the  report  of  the  committee  on  advertising,  to  be 
presented  Wednesday  evening,  this  exhibit  of  advertising 
material  and  methods.  I  have  some  very  handsome  contri- 
butions from  the  New  York  Edison  Company,  through  the 
courtesy  of  Mr.  Brady  and  Mr.  Williams,  and  a  very  handsome 
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exhibit  from  the  Chkago  Edison  Gmpany.  Mr.  Percy  Ingalls, 
of  the  PubUc  Service  Corporation  of  New  Jersey,  has  an  exhibit 
of  his  own  in  connection  with  his  report  on  advertising  methods. 
We  also  have  material  from  Baltimore,  Washington,  Boston, 
Philadelphia  and  DetrotL  I  think  you  will  find  this  exhibit  of 
advertising  material  extremely  interesting  and  in  no  small  degree 
instructive.  I  venture  to  beheve  and  hope  that  you  will  find 
it  helpful  to  >XHi  in  prosecuting  your  own  campaigns  for  new 
business,  not  only  in  the  enemy's  territory,  but  in  virgin 
territory. 

My  paper  then  considers  some  of  the  leading  central-statioa 
devdopments  during  the  past  year,  and  speaks  particularly  of 
socfa  inslanrrs  as  Detroit,  where  Mr.  Dow,  our  fellow -member, 
is  carrying  out  an  extremdy  interesting  and  ingenious  develop- 
menL  As  Mr.  Dow  is  here,  it  will  be  interesting  to  have  him 
extend  the  information  given  in  my  brief  notes  on  this  subject. 

I  then  give  consideration  to  the  subject  of  old  and  new 
illmmnants,  which  1  need  not  inflict  upon  you  except  to  refer 
to  die  fact  that  immediately  after  the  presentation  of  this  report 
1  shall  read  Dr.  Louis  Bell's  report  on  the  tantalum  lamp.  I 
give  in  my  paper  some  sdentific  data  in  regard  to  the  develop- 
ment and  purpose  of  the  lamp;  bat  Dr.  Bell's  paper  is  vastly 
more  practical  and  vital,  and  I  think  you  will  find  advantage  in 
fistening  to  every  word  of  it.  After  treating  of  the  tUuminants, 
I  go  to  the  discnssioa  of  electric  heating,  and  fc^ow  that  op 
with  a  few  remarks  on  electric  power  in  general  and  its  spectal 
applicatioa  to  refr^;cratioa. 


The  following  is  Mr.   Martin's  report: 

REPORT  OF  THE  COMMHTEE  ON  PROGRESS 


STATISTICS  OF  THE  INDUSTRY 

The  central-station  industry  of  the  United  States  has  enjoyed 
a  full  measure  of  prosperity  since  the  Boston  convention  of  the 
National  Electric  Light  Association  last  May.  The  year  1904  was 
not  distinguished  for  its  unparalleled  growth,  as  some  prior  years 
have  been,  but  the  finances  and  enterprises  of  the  country  passed 
from  stagnation  and  depression  in  the  first  half  to  cheerfulness 
and  activity  in  the  last  six  months,  and  more  particularly  when 
political  agitations  and  uncertainties  ceased.  In  like  degree  there 
was  greater  advance  towards  the  close  of  1904  in  the  lighting  and 
power  field  than  was  observable  last  May,  and  thus  a  number  of 
important  developments  and  extensions  have  been  brought  to 
fruition. 

The  statistics  of  the  industry  are  always  a  necessary  factor 
in  any  survey  of  progress,  and  they  may  therefore  be  appro- 
priately presented  here.  The  basis  of  comparison  is  necessarily 
the  census  of  1902,  upon  which  the  following  figures  arc  predi- 
cated. The  rate  of  increase  assumed  being  that  of  10  per  cent 
per  annum,  which  is  certainly  justified  by  what  is  known,  it 
would  appear  that  the  total  investment  in  central-station  plants 
proper  up  to  the  end  of  1904  was  $610,000,000.  The  earnings 
gross  upon  this  sum  were  at  the  minimum  $104,500,000  and  the 
total  expenses  were  $82,500,000.  The  aame  rate  of  increase  would 
give  4200  central-station  enterprises,  a  number  which  is  believed 
to  accord  closely  with  the  actual  facts.  The  production  in  1904 
of  various  classes  of  apparatus  and  supplies  consumed  largely 
and  chiefly  by  central  stations  is  estimated  to  have  reached  the 
following  amounts:  Dynamos,  $18,500,000;  motors,  including 
those  for  traction,  $35,000,000:  transformers,  $5,000,000;  switch- 
boards, $3,000,000;  storage  batteries,  $5,000,000;  carbons.  $2,- 
250,000;  lighting  fixtures,  $3,750,000;  arc  lamps,  $2,500,000;  in- 
sulated wires  and  cables,  t'f  ccctera,  $30,000,000;  conduits,  interior 
and  underground.  $2,000,000;  measuring  instruments,  $3,350,000. 
More  precision  will  shortly  be  given  to  these  and  kindred  figures 
by  the  United  States  manufacturing  census  of  the  present  year, 
but  the  fact  remains  and  is  obvious  that  the  central-station  indus- 
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try  is  not  only  a  splendid  field  of  effon  in  itself  but  affords  a  tre- 
mendous stimulus  and  opportunity  to  almost  the  entire  range  of 
dectrical  production  of  apparatus. 

It  is  customary  (or  your  committee  to  note  incidentally  the 
groHlh  of  electric  lightmg  in  other  countries  than  our  own,  but 
these  statistics  are  rarely  compiled  and  are  with  difficulty  obtain- 
able. A  few  statistics  may  be  cited,  however.  It  would  appear 
that  in  Great  Britain  and  its  colonies  at  the  close  of  last  year  the 
stira  of  nearly  £62,000,000  sterling,  or  about  $300,000,000,  was 
invested  in  electricity  supply  or  central-station  enterprises  re- 
corded in  England,  having  increased  to  this  amount  from 
iSjOOOjooo  in  about  nine  years — a  ver>-  healthy  and  encouraging 
rate  of  prioress.  The  striking  fact  emerges  that  half  of  the  sum 
represented  company  undertakings  and  half  of  it  the  investments 
of  municipalities.  .An  average  dividend  rate  of  5.03  was  shown 
on  the  private  enterprises.  The  results  of  the  mimicipal  opera- 
tions are,  as  usual,  not  easy  to  determine.  During  a  recent  visit 
to  England  your  committee  had  an  opportunity  to  make  a  rough- 
and-ready  test  of  the  conditions  under  municipal  ownership,  and 
is  corapKJled  to  state  that  he  found  gjcat  discontent  in  many 
places.  The  glowing  reports  of  municipal  success  that  reach  the 
United  Slates  are  often  without  any  kind  of  substantial  basis,  and 
at  the  best  are  grossly  exaggerated.  A  daily  reading  of  the  Lon- 
don newspapers  in  March  and  .\pril  brought  under  observatictti 
columns  upon  columns  of  editorial  and  other  articles  as  well 
as  scores  of  letters,  complaining  of  municifal  extravagance,  citing 
instances  in  many  of  which  electric  lighting  was  referred  to  as 
poorly  done  at  high  prices,  and  calling  for  a  halt  in  the  socialistic 
programme  that  is  rapidly  landing  England  in  a  sea  of  municipal 
debt  and  disaster.  Mr.  John  Holt  Schooling,  in  his  summary 
of  the  report  of  the  Royal  Commission  on  local  taxation,  inti- 
mates that  the  figures  are  unfavorable.  On  municipal  elec- 
tricity supply  plants  in  England  involving  an  investment  of  $60,- 
000,000  the  loss  in  operation  was  shown  to  be  68  cents  per  $500 
of  capital,  without  due  allowance  for  depreciation.  If  five  per 
cent  depreciation  were  allowed,  the  yearly  loss  per  $5c»  of  cap- 
ital investment  reached  $23.64.  Such  figures  are  not  encour- 
aging. 

The  statistics  for  Germany  are  somewhat  fuller,  and  are  ob- 
tained from  the  compilations  of  the  Eleklrotechnische  Zeitschrift 


published  last  January.  There  are  over  iioo  central  stations  in 
Germany,  and  the  figures  herewith  relate  to  no  fewer  than  1028 
of  thcni  as  of  April  i,  1904,  so  that  probably,  in  order  to  equalize 
them  with  American  figures,  a  10  per  cent  increase  should  be 
allowed.  Only  those  plants  are  included  that  sell  currents  to  con- 
sumers or  supply  public  lighting,  while  isolated  plants  are  not 
included.  In  1904  there  were  fifty-one  plants  in  Germany  of  a 
capacity  of  more  than  2000  kilowatts.  The  three  largest  plants 
are  three  Berlin  .stations  of  85.136,  30,000  and  25,895  kilowatts,  re- 
spectively. The  total  capacity  of  the  fifty-one  stations  of  more 
than  2,000  kilowatts  is  290,693  kilowatts,  these  stations  being 
in  thirty-lhree  cities.  The  development  of  central  stations  and 
their  connections  in  Germany  in  genera!  is  shown  in  the  follow- 
ing table: 

189*  1900  1904 

Number  of  stations 148  652  1,028 

Number  of  so-waii  incan.  lamps  connected. .     493,891  2,623893  5,687,382 

Number  of  lo-amp.  arc  lamps  connected 12.357  50.070  110,856 

Horse-power  of  motor8(not  including  traction)        5,635  106,368  363,036 

In  recent  years  several  plants  have  been  erected  which  sup- 
ply current  to  a  number  of  cities  and  towns  in  a  district;  thus  the 
Bruehl  central  station  supplies  current  for  lighting  and  power 
to  sixty-six  towns  at  a  distance  of  from  nine  to  twelve  miles  from 
the  station.  On  the  other  hand,  there  are  some  small  plants  that 
supply  current  for  power  purposes  to  houses  for  the  support  of 
house  industries,  A  typical  example  is  the  Anrath  plant  near 
Crefeld,  All  the  motors  connected  to  the  mains  are  in  this  case 
between  one-quarter  and  one-half  horse-power,  and  are  used  in 
the  silk  industry.  In  recent  years  the  use  of  power  has  enor- 
mously increased,  as  is  shown  in  the  following  comparison  for 
the  Berliner  Elektricitiits  Werke  of  the  kilowatts  used  for  light- 
ing and   for  power,  traction  motors  not  being  included : 

Kilowatts  Kilowaus  Number  of 

for  Lighting  for  Power  Mocort 

1885 250                       

1890 3.899  112  28 

1895 10,752  2,252  663 

igoo 21.122  22,037  5.764 

1904 36,>QS  44. -148  12.933 

There  is  only  one  plant  in  Germany  that  buys  energy  in  bulk 
from  a  larger  plant  and  sells  it  in  retail  to  consumers;  this  is  the 
Spandan  station,  which  gets  the  current  from  one  of  the  Berlin 


i6 

works.    Statistical  data  cooccming  tbc  systems  ased  are  grrea^ 
■itheiolcmiwrtaUe: 
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Cbaceming  the  pover  used,  the  statistics  sbov  that  370 


plants  with  341,248  kilowatts  txse  steam 


109  piants  with 


14.547  kik>«ratts  use  «-atcr  power,  208  plants  with  60,673  k3owatts  i 
use  both  steam  and  water  power,  and  94  piants  ol  tOPSD  kilowatts 
nae  gas  power. 

At  a  time  when  the  wonderful  achierements  of  Japan  in  war 
arc  dtaOa^it^  the  attentioa  and  admiratioa  of  the  world  it  is 


while  to  note  the  great  dei 


of  the  arts  ol  peace 


in  that  marvelknB  ooinitr>-  as  exenqilified  br  the  growth  of  elec- 
tric lighting.  This  b  well  Qhistratcd  in  the  curre  of  cnrrent  oat> 
pot  rccentt]r  poblidicd  by  the  Nippon  Dcnid  Kiolcwai — the 
Japanese  Ekdrical  Assodation — which  corresponds  rery  dosdy 
tc    oczr   o 

one,  and  the  capodty  of  the  Japanese  central  statioi>s  has 
risen  from  jooo  kilowatts  in  1893  to  over  26.000  kikywatts  in  1903 
— a  tenfold  increase. 


organization.      This    curve    is    a   sbatpiy 


GBOWTH  IN  A3tEKIC\ 

As  iu-  as  America  is  conccmed,  the  best  exemplification  of 
growth  is  fotind  in  the  study  of  some  single  enterprise,  and  this 
is  wcH  fmnished  by  the  New  York  Edison  Compamy.  At  the 
annnal  dmner  of  the  company  last  December,  when  some  thirty 
members  of  the  contract  and  inspection  department  were  pccseitf, 
Mr.  .\rthur  Williams  said:  "One*s  memory  readily  goes  back 
to  the  time  when  all  the  employees  of  the  company  nnmbei«d 
less  than  half  of  those  present  thb  evening;  when  the  entire  ter- 
ritory supplied  corered  less  than  one  sqtiare  mile  instead  of  more 
than  seTentet-n  square  miles,  as  at  present;  when  there  were  less 
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than  300  customers  instead  of  something  more  than  34,000;  when 
there  were  no  arc  lamps  compared  with  about  23.000  supplied 
to-day,  and  to  the  time  when  the  first  horse-power  in  an  electric 
motor  applied  to  commercial  service  was  connected  as  a  class  of 
our  business,  which  has  now  grown  to  more  than  90.000  horse- 
power in  motors  engaged  in  every  industry  in  New  York  City  in 
which  mechanical  power  is  used.  But  the  greatest  part  of  this 
extraordinary  development  has  occurred  within  the  last  five 
years,  in  which  years  the  growth  has  more  than  equaled  tlie 
aggregate  growth  of  the  preceding  seventeen  years  of  the  com- 
pany's history.  Our  customers  have  grown  from  16,000  to  the 
present  number  of  nearly  34,000;  the  incandescent  lamps  from 
750,000  to  1,600,000;  arc  lamps  from  10,000  to  23,000,  and  power 
from  something  less  than  40.000  to  something  in  excess  of 
90,000  horse-power."  it  was  remarked  that  night  that  one  of 
the  instrumentalities  of  the  company's  advance  had  been  its 
monthly  Bulletin,  reaching  all  actual  and  prospective  customers. 
It  has  seemed  to  your  committee  that  this  admirable  Bulletin 
and  the  excellent  ones  also  issued  by  the  central-station  interests 
in  such  cities  as  Boston,  Brooklyn  and  Baltimore,  as  well  as  by 
the  Public  Service  Corporation  of  New  Jersey  for  its  vast  net- 
work, arc  a  most  powerful  argument  in  securing  new  custom. 
Other  and  smaller  central-station  companies  might  well  adopt 
and  imitate  the  same  plan,  eitlier  singly  or  by  co-operative  effort. 
The  missionary  work  that  the  Denver  Gas  and  Electric  Company 
also  performs  in  its  campaign  for  business  is  well  worth  study. 
An  interesting  bulletin  associated  with  a  "follow-up"  system  and 
reinforced  by  newspaper  advertising,  postal  cards  and  letters,  as 
well  as  by  the  regular  and  more  conventional  canvass  by  agent, 
will  accomph'sh  wonders  in  adding  to  a  station  output.  The 
average  consumption  of  current  per  individual  in  our  towns  and 
cities  is  still  very  far  below  what  it  should  be  and  will  be,  and 
every  appeal  must  be  made  to  the  prospective  consumer. 


CULTIVATION   OF   SMAt.L   CUSTOMERS 

In  this  respect,  and  with  due  deference  to  the  good  work 
done  by  those  actively  employed  in  the  field,  it  has  seemed  to 
your  committee  that  enough  was  not  being  done  to  cultivate 
and  create  the  small  customer.    Efforts  have  been  made  recently 

to  direct  attention  to  this  rather  neglected  opportunity.     The 
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figures  of  the  New  York  Edison  Comoany  were  quoted  above, 
sbowing,  roughly,  35/wo  customers.  That  is  a  goodly  number, 
but  who  believes  for  one  moment  thai  such  a  figure  is  the  limit 
of  possibilities  on  Manhattan  Island  ?  It  oa^it  sooo  to  be  70,000  as 
a  mhuinum,  ior  if  the  average  family  be  taken  as  five  persons,  that 
accounts  for  only  350,000  people  out  of,  say,  2,ooojOOO,  and  elec- 
tric light  and  power  are  falling  far  short  of  the  ideal  and  final  in 
reaching  only  one-sixth  of  the  population  in  a  given  territory. 
It  should  be  interesting  for  the  companies  to  compare  notes 
along  these  lines  and  see  how  large  a  percentage  of  the  popula- 
tion they  are  reaching  respectively  writh  their  circuits.  It  is  to  be 
feared  that  the  public  and  too  many  central-station  companies 
still  regard  the  electric  light  as  a  IuxuPi'.  the  electric  motor  as 
dear,  and  electric  heat  as  quite  out  of  reach.  This  was  true  once 
as  to  light  and  power,  but  is  so  no  longer.  The  industrial  elec- 
tric motor  is  going  in  on  every  hand,  but  ver>'  largely  as  the 
basis  for  an  isolated  plant.  The  two  principal  changes  that  have 
made  possible  great  reductions  in  electric-light  cost  to  small 
consumers  have  been  the  lower  rates  for  current  and  the  perfec- 
tion and  use  of  cheaper  lamps  as  well  as  of  lamps  of  smaller 
value  than  16  candle-power.  The  small  consumer  is,  moreover, 
just  as  alive  to  the  conveniences  of  electricity  as  the  large  con- 
sumer and  is  susceptible  to  the  right  arguments.  The  case  can 
be  quoted  of  the  superintendent  of  a  central  station  in  a  manu- 
facturing town  of  moderate  size  who  is  making  very  successful 
efforts  to  increase  the  number  of  workingmen's  homes  connected 
to  the  central-station  circuits.  He  argues  that  these  small  cus- 
tomers are  more  desirable  from  the  lighting  company's  stand- 
point than  are  the  large  residences,  for  a  number  of  reasons. 
The  smaller  houses  are  not  so  widely  scattered  as  large  resi- 
dences. The  regular  demand  and  the  maximum  demand  are 
not  so  widely  different  in  the  case  of  a  number  of  small  resi- 
dences as  in  the  case  of  one  large  residence,  and  the  income  of 
a  given  number  of  lamps  connected  \rill  be  larger  in  the  case 
of  the  small  residences  than  in  the  mansions.  To  be  sure,  there 
is  more  clerical  labor  required  to  keep  a  large  number  of  small- 
meter  accounts  than  the  account  of  one  large  residence,  but  this 
is  partially  offset  by  the  fact  that  these  small  accounts  usually 
give  little  trouble,  and  there  is  less  unreasonable  kicking  from  the 
small  customers  than  from  the  owner  of  the  large  residence  who 
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has  a  very  small  bill  and  a  very  large  maximum  demand  at  times. 
This  superintendent  has  adopted  the  plan  of  paying  a  small  com- 
niission  to  building  contractors  for  securing  the  wiring  of  the 
vvorkingmen's  cottages  they  arc  erecting.  In  this  way  very  few 
workingmen's  homes  are  built  in  that  rapidly  growing  manufac- 
turing city  that  are  not  wired  for  electric  lights.  By  making  it 
an  object  for  each  building  contractor  to  push  the  introduction 
of  electric  light  in  this  way  the  company  is  saved  the  expense 
of  watching  the  business  and  of  having  solicitors  call  on  every 
real  estate  owner  who  may  be  building  in  the  town.  Building 
contractors  being  comparatively  few  in  number  and  directly  in 
touch  with  the  owners  of  tlie  buildings  they  are  erecting,  they 
are  in  position  to  do  easily  what  it  would  cost  the  company  con- 
siderable money  to  do  through  special  solicitors. 

Probably  no  more  promising  field  exists  for  increase  of 
business  in  towns  where  other  classes  of  load  have  been  thor- 
oughly worked  up  than  this  field  of  the  lighting  of  small  resi- 
dences. In  order  that  this  class  of  electric  lighting  may  not 
suflfer  on  account  of  its  expense  to  the  consumer,  it  would  be 
well  for  some  one  connected  with  any  large  central-station  com- 
pany to  make  it  a  business  to  see  that  these  small  consumers  are 
equipped  to  use  electric  light  economically  and  to  the  best  advan- 
tage. One  of  the  principal  points  to  be  looked  out  for  along 
this  line  is  the  use  of  low  candle-power  lamps  whenever  and  wher- 
ever such  lamps  will  give  sufficient  light  for  the  purpose,  the 
avoidance  of  waste  by  turning  off  lights  when  not  required  and 
tlie  use  of  efficient  reflectors  and  globes  that  will  deliver  the 
light  at  points  where  it  is  needed. 

In  our  larger  cities  the  effort  hitherto  seems  to  have  been  to 
convert  or  suppress  the  isolated  plant  rather  than  to  secure  the 
small  consumer.  It  is  open  to  question  whether  the  isolated 
plants  have  yet  decreased  much  in  total  capacity,  and  they  will 
certainly  be  with  us  alwavs;  but  in  the  meantime  the  small  cus- 
tomer seems  worthy  of  attention  as  well.  In  tlie  aggregate  his 
consuming  power  is  enormous,  and  in  the  final  analysis  all  our 
great  and  permanent  industries  depend  on  him. 

NEW   CENTRAL-STATION   WORK 

During  the  past  year  of  the  association  a  number  of  member 
stations  have  undergone  extension  rmd  improvement  involving 
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It  will  be  very  interesting  to  see  how  all  this  comes  out  when 
put  to  test.  It  reminds  one  of  Mr.  Edison's  very  early  proposals, 
to  associate  chemical  enterprises  with  his  first  central  stations  in 
order  to  obtain  just  such  conditions  of  day-ioad  economy  as  are 
aimed  at  by  the  Detroit  salt  plan.  Aside  from  this,  the  new  work 
at  Detroit  has  other  features  of  interest,  as  it  embodies  radical 
reconstruction  and  harmonization  of  old  systems  in  one  centralized 
plant.  These  features  may  be  thus  enumerated:  (i)  The  large 
new  generating  Delray  plant  with  30Cx>kw  turbo-generators;  (2) 
the  generation  and  transmission  of  electrical  energy  at  4600  volts, 
three-phase,  60  cycles,  instead  of  the  more  familiar  25  cycles  usu- 
ally employed  for  transmission  to  direct-current  substations;  (3) 
the  use,  as  in  Europe,  of  motor-generators,  instead  of  rotary  con- 
verters ;  (4)  the  use  of  .steam  engines  at  some  .substations  to  supply 
steam  heat  besides  helping  out  the  system;  (5)  a  system  of  tie 
lines,  which  enables  the  engines  to  be  run  during  the  steam  heat 
peak,  on  certain  substations,  to  help  out  the  electric  load  peak  on 
ether  substations;  (6)  an  extensive  power  service  and  the  dis- 
tribution of  power  current  direct  to  factories  by  means  of  4600 
volt,  three-phase  circuits.  There  are  various  novel  features  here 
disclosed.  The  steam-heating  business  is  carried  on  by  a  corpora- 
tion called  the  Central  Heating  Company,  and.  so  far  as  known, 
the  Detroit  Edison  is  the  largest  central-station  enterprise  to  be 
associated  with  steam-heat  supplv.  The  adoption  of  current  of 
60  cycles  and  of  4600  voJts  is  also  a  distinct  variation,  the  one 
enabling  its  use  for  incandescent  lighting,  and  the  other  sufficing 
for  the  relatively  short  transmission.  Efforts  towards  universal 
standardization  and  imiformity  of  current  supply  are  on  the  whole 
to  be  welcomed  and  preferred. 

One  of  the  most  interesting  tendencies  of  the  past  year  has 
been  that  of  making  coal-power  stations  centres  of  distribution 
as  well  as  of  "consolidations."  The  lighting  art  has  seen  two  de- 
velopments of  this  nature,  but  of  different  character.  One  process 
now  familiar  has  been  that  of  organizing  a  holding  company  whose 
business  it  is  to  own  .nnd  operate  local  companies  in  various  parts 
of  the  country.  Philadelphia  and  Boston  have  been  more  par- 
ticularly the  foci  of  such  work,  and  some  of  these  conglomerate 
enterprises  have  been  conducted  on  a  large  scale.  It  is  evident 
that  such  management,  employing  a  high  grade  of  financial,  eco- 
nomic and  technical  talent,  has  a  snlrndid  ooportunity  to  secure 
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good  results,  and  does  so :  but  these  are  often  counterbalanced  by 
tbe  local  prejudice  against  outside  oootrol,  and  by  the  fact  that 
the  plants  thus  centrally  owned  are  scattered  geographically.  The 
other  tendency  that  has  lieen  quite  noticeably  displayed  during 
the  past  >-ear  is  that  of  bnnging  together  in  one  great  network 
an  the  central  statxms  in  one  district,  constituting  many  of  the 
anaHer  plants  mere  substations  and  concentrating  the  generating 
machinery  in  one  or  two  main  plants.  This  often  includes  electric 
raflway  operation,  and  it  does  look  as  though  the  future  of  the  in- 
dastry  in  many  regions  would  hereafter  be  in  the  bands  of  what 
your  ooounittee  would  designate  as  "territorial**  companies,  in 
cotfadiittinctiun  to  "local'*  companies.  Perhaps  tbe  Public  Ser- 
vice Cocporatioa  of  New  Jersey,  tumishing  corrent  for  light, 
traction  and  power  ox-vr  a  la^e  section  of  that  commoa wealth, 
is  the  best  instance  that  could  be  cited  of  the  trndemaUe  and 
irresatible  imyprmmt  in  this  direction — the  tendency  hemg  based 
OQ  the  belief  that  thus  ekctrk  current  of  one  t>pe  can  best  be 
guitiafttd  and  siqiptied  to  large  masses  of  the  pnpniatioo  and  to 
ItfCe  areas  of  the  ooontry.  That  the  tfaa^  can  be  orendooe  is  ot>- 
viiMB.  Mere  bigness  is  no  criterion  of  eeopomk  efficiency.  But 
it  is  cqnidfy  dear  that  jtist  nom  the  art  is  looking  that  way  for  a 
yokatien  of  the  pressing  problems  that  coo&ont  it.  In  this  respect 
Ensfamd  offers  interesting  examples.  In  Loodon.  where  some 
Ihrcesooce  aathorities,  largely  mnwripal.  have  powers  to  operate, 
k  is  firopufted  to  estiMhh  oae  great  campaay  able  to  pcodace  and 
teaiA  cttnent  ia  JimitaUe  qaaothks  at  a  mliiimaiii  rate.  Need- 
less 90  itamk.  the  scheme  luis  in  BHorr  quaiteis  to  aroase  en- 
dwsiasaa ;  od  the  oootmy,  it  excites  OMre  hustility  ;  bat  it  appears 
tn  have  paaufui  aad  cogent  aiguiueilts  in  its  caror,  in  regard  to 
Wttfonn  canent  lo  a  vast  area  and  a  dciihc  poptt- 
£laevthcfe  in  Eagiaad,  district  dectrK-canexic  dtstrilm- 
■afcing  dntinct  headway,  and  sook  of  die  stew  schemes. 
[  on  dK  nse  of  coat  almost  at  the  pit  nunih.  are  grandiose 
One  of  then  daft  mity  be  ottA  as  an  nraaylr.  whidi 
hns  akeniy  staned.  is  that  of  the  Sonth  Wales  Electric  Powrr 
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Mvas  K  Cardiff.  Swansea,  and  Newpoet*  aB  of  which  knc  nonl- 
a^A  pbntSs  Tbe  prcsetu  anra  c\>veT>ed  is  1034  sqpare  ndcs*  and- 
tiiLii  Me  JoTgab  iliniiin.  <adi  with  its  own 
ll  ii  now  uioncned  to  iachsdr  another  am  of  g6o 
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At  present  the  highest  pressure  is  3000  volts,  and  the  frequency 
60  cycles.  Should  the  new  territory  be  taken  on,  the  voltage  will 
probably  be  30,000. 

As  a  further  development  of  central-station  work  along 
changing  lines  may  be  noted  the  fact  that  the  California  Gas  and 
Electric  Corporation  of  San  Francisco  are  equipping  one  of  their 
plants  with  three  4000-kw  gas-engine-driven  generators.  The  en- 
gines will  be  the  largest  of  the  kind  in  the  world,  and  are  there- 
fore well  worthy  of  close  study  wlien  they  go  into  operation.  Each 
of  these  units  is  to  deliver  4000  kilowatts  at  13,200  volts,  at  88 
revolutions  per  minute,  and  with  a  frequency  of  25  cycles.  As  a 
matter  of  fact,  the  current  is  to  be  furnished  to  the  United  Rail- 
ways of  San  Francisco.  The  generators,  of  the  Brown-Boveri 
type,  built  by  the  Crocker-Wheeler  Company,  are  said  to  be  pe- 
culiarly adapted  by  their  large  inherent  damping  effects  not  only 
to  parallel  operation,  but  to  be  driven  by  gas  engines  with  a  load 
notoriously  fluctuating.  They  will  also  be  capable  of  working  as 
motors  in  starting  the  ingines  that  drive  them,  operating  the  com- 
pressors until  the  latter  are  ready  to  supply  the  proficr  explosive 
niixture. 

Before  passing  from  the  general  subject  of  central-station 
work,  reference  may  perhaps  be  made  to  the  work  done  by  the 
Columbus,  O.,  Public  Service  Company  in  supplying  hot  water  as 
part  of  its  business.  The  success  of  central-station  steam  heat- 
ing is  probably  too  well  established  and  admitted  to  need  dis- 
cussion here.  But  the  hot-water  plan  may  not  be  so  familiar.  The 
station  equipment  for  this  hot-water  heating  system  is  simple.  The 
return  water  from  the  system  enters  the  suctions  of  the  circulat- 
ing pumps,  and  is  forced  through  the  overhead  heaters  and  thence 
again  to  the  system.  Provisions  have  been  made  for  passing  all 
or  any  portion  of  the  water  through  economizers  or  through  two 
of  the  boilers.  The  heaters  are  of  Yarjan  design,  containing  about 
500  square  feet  heating  surface  each,  and  are  practically  surface 
condensers,  except  that  the  exhaust  steam  flows  through  the  tubes, 
and  the  water  to  be  heated  surrounds  the  tuiies,  which  are  one- 
half-inch  in  size  and  about  500  in  number.  Six  heaters  are 
in  place,  and  six  additional  are  provided  for.  The  heaters  are 
operated  ordinarily  by  exhaust  steam,  but  live  steam  can  be 
introduced  during  light  loads  or  severe  weather  to  three  of 
the   heaters.     Each  connection  from   the   exhaust  header  to  the 
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hentcT  is  equipped  with  an  oil  separator.  The  condensation  from 
heaters  is  returned  to  the  boilers  by  automatic  receivers.  The 
station  piping  is  so  arranged  that  the  heaters  can  be  used  for  sur- 
face condensers  for  the  main  engines,  and  the  exhaust  from  all 
auxiliaries  can  be  discharged  directly  to  the  feed-water  heater 
or  to  the  exhaust  main.  The  circulating  pumps  can  be  operated 
on  a  cooling  tower  and  through  the  condensers.  An  expansion 
tank  six  feet  by  iS  feet  is  connected  to  the  heating  system  return. 
The  24-imh  exhaust  line  from  the  engine-room  basement  rises 
through  the  boiler-room  floor  and  with  branches  20  inches  to  the 
feed-water  heater  and  20  inches  up  to  the  heaters  or  condensers. 
al)Ovc  which  a  back-i>ressure  valve  is  placed.  The  Cochrane  feed- 
water  heater  is  supplied  with  the  Sorgc  .system  of  chemical  treat- 
ment, and  space  utid  Iilank  connections  are  provided  for  a  duplicate 
heater.  The  circulating  pumps  are  duplex,  tandem-compound, 
piston-pattern,  14  imlics  by  20  inches  by  15  inches  by  18  inches, 
atid  (he  boiler  feeders  are  extra  heavy,  single,  outside  centre 
packed,  plunger  jnimps  12  inches  by  9  inches  by  18  inches.  Tlie 
hot-water  dislrilmting  system  co\'ers  the  best  residential  terri- 
tory of  the  eastern  part  of  the  city,  and  most  of  tlie  mains  arc  laid 
in  alloys.  The  lvvt>-pij>c  system  is  used,  with  thermostatic  regu- 
laiiiMi  of  custiiuurs'  .services,  operated  by  a  gal  van  i  zed-iron  com- 
prcssed-,iir  line  run  in  the  same  trench  with  the  heating  mains  and 
supplied  by  two  Westinghouse  compressors  at  the  plant.  The  dis- 
charge and  return  pipes  of  the  luating  mains  are  laid  in  the  same 
conduit,  built  of  cypress  wood.  It  is  underlaid  in  clay  or  compact 
earth,  with  (lorous  ilrain  tile  laid  in  a  coarse  gravel  bed,  for 
drainage.  The  insulating  conduit  is  overlaid  with  asbestos  shav- 
ings treated  with  crude  oil. 

The  distributing  system  consists  of  about  6000  feet  of  12-inch, 
1800  feel  of  S  inch,  1500  feet  «»f  6-inch,  7000  feet  of  5-inch, 
14.000  feet  of  4-inch,  and  7500  feet  of  3-inch  Byers  wrought-iron 
pij>e.  The  systeni  has  an  ultimate  capacity  of  nearly  300.CXX) 
sqttarr  feet  of  radiaii<in.  and  has  about  60,000  square  feet  con- 
nected at  present,  blxpansjon  and  contraction  are  provided  for 
by  tlangcil,  packed,  slip  joitils  of  bronze  on  6>inch  pipe  and  larger 
sites,  and  I'-bcnds  are  used  on  .^mailer  sites.  Anchors  are  placed 
midway  between  the  ex|vansion  joints,  which  are  spaced  about 
401)  feet  apart.  Mangrd  valves  are  placed  on  lateral  runs,  and 
an  valves  Ritd  expansion  joints  arc  placed  in  brick 
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Service  taps  on  mains  of  four  inches  and  smaller  are  made  by 
means  of  cast-iron  tees,  and  on  larger  sizes  are  tapped  directly 
into  pj{>e.  The  greater  part  of  the  service  is  0.75-inch,  i-inch  and 
1.25-inch  in  size.  Tlie  heating  business  of  the  company  has  had  a 
very  rapid  growth,  notwithstanding  the  competition  of  natural 
gas  at  25  cents  per  thousand. 


THE  PROBLEM  AUROAD 

Reference  has  been  made  to  the  lighting  situation  in  London, 
•with  its  threescore  monopolies,  and  to  the  proposal  to  reduce  these 
to  something  less  primitive  and  barbaric.  In  Paris  a  similar  con- 
dition exists,  owing  to  the  falling  in  of  the  present  franchises 
for  the  "sectors"  or  districts,  and  the  opinions  of  a  number  of 
authorities  have  been  invited  as  to  the  manner  in  which  the  supply 
of  current  may  he  simplified  and  unified.  The  answers  show  an 
adherence  to  the  plans  and  policies  adopted  in  America,  and  all 
the  questions  that  have  come  up  sound  as  familiarly  in  our  ears 
as  household  words.  It  will  perhaps  suffice  to  quote  one  example^ 
fmni  which  the  rest  may  I»c  inferred.  The  Siemens-Scbuckert 
Company  considers  it  rational  to  establish  one  or  two  steam- 
driven  central  stations  of  a  total  capacity  of  about  80.000  horse- 
power, with  steam  engines  or  steam  turbines  driving  three-phase 
alternators  of  5000  to  10,000  horse-iK>wcr,  the  voltage  being  8000 
to  10,000.  For  the  secondary  distribution  system  two  solutions 
are  possible.  The  first  is  to  transmit  the  lo.ooo-volt,  three-phase 
currents  by  underground  cables  to  numerous  transformer  stations, 
where  the  high-tension  alternating  current  is  transformed  to  low- 
tension  alternating  current  for  transmission  on  a  four-wire  system, 
the  tension  between  the  phases  being  210  volts  and  the  tension 
between  the  neutral  wire  and  the  three  phases  being  120  volts, 
the  former  voltage  being  suitable  for  motors,  the  latter  for  light- 
ing. The  second  method  is  to  transmit  the  lo.ooo-volt,  three- 
phase  current  to  a  certain  number  of  substations  for  conversion 
into  direct  current.  The  company  favors  the  latter  system,  with 
distribution  on  the  three-wire  system.  Unlike  the  Siemcns- 
Schucl^ert  Company,  the  Allgemeine  Elektricitats  Gesellschaft 
considers  three-phase,  low-tenstnn  current  distribution  as  the  most 
favorable  system  for  secondary  distribution  in  Paris.  For  each 
central  station  it  is  proposed  to  install  two  steam  turbines  of 
10,000  horse-power  each  and  five  of  20,000  horse-power  each. 
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Whatever  the  plan  is.  it  will  be  universal  or  "monopolistic,"  L  e.^ 
scientific  as  contrasted  with  parochial. 


OLD  AND  NEW   ILLUMINANTS 

TTie  next  stage  of  our  report  takes  us  to  a  consideration  of 
new  and  old  illuminaiits.  As  compared  with  the  enclosed  arc,  the 
open  arc  hides  its  diminished  head.  In  his  very  interesting  article 
in  the  May  Ccittury  by  Mr.  Charles  F.  Brush  on  the  invention 
and  development  of  the  arc  light,  the  growing  supremac}'  of 
the  enclosed-arc  light  is  noted,  one  company  alone  selling  85.000 
in  1903,  while  its  effect  in  checking  the  use  of  carbons  is  also 
noted.  For  street  lighting  the  old  carbon  arc  in  one  form  or 
another  still  reigns  supreme,  but  its  place  is  not  altogether  un- 
disputed ;  while  modifications  and  improvements  are  happily 
still  tile  order  of  the  day.  As  compared  with  gas,  for  street 
lighting,  the  arc  has  fairly  established  its  place,  and  it  is  even  now 
steadily  invading  the  territory  of  its  rival  and  competitor.  In  this 
respect,  we  may  note  the  recent  figures  of  Mr.  Pearce,  chief 
electrical  engineer  of  Manchester,  Fngland.  It  is  shown  that  for 
a  degree  of  illumination  equivalent  to  1000  candle-power,  lasting 
4000  hours,  the  cost  of  "intensified"  gas  lighting,  calculated  on 
a  basis  of  2.16  cents  |>er  1000  cp-hours,  which  inckules  10  per  cent 
depreciation,  with  electrical  cnergj-  at  1.90  cents  per  unit,  the  cost 
of  electric  lighting  works  out  at  only  $63.12.  From  actual  meas- 
urements taken  Mr.  Pearce  finds  that  the  cost  per  mean  candlefoot 
per  hour  for  the  arc  lamjjs  is  o.f,6  cent,  whereas  that  far  intensified 
gas  lamps  is  0.79  cent.  These  tests  can  in  no  sense  be  regarded  as 
mere  laborator\'  experiments,  since  they  were  carried  out  under 
ordinary  working  conditions  by  practical  engineers,  with  an  instru- 
ment the  accuracy  of  which  is  beyond  doubt.  Mr.  Pearce's  figures 
for  electric  light  are  due,  in  large  measure,  to  the  low  cost  of  elec- 
trical energn^r  and  to  the  employment  of  arc  lamps  that  do  not 
require  retrimming  or  any  other  attention  for  many  hours.  Al 
tlie  same  time,  the  price  of  gas  in  Manchester  is  also  very  low, 
and  the  improved  system  of  gas  lighting  is  claimed  to  be  very 
economical  as  regards  maintenance  and  labor. 

The  best  genera]  review  on  the  illuminating  situation  is  that 
of  Wedding  in  his  paper  before  the  Cologne  Electrical  Society, 
part  of  which  may  fittingly  he  cited  before  this  body.     In  the] 
following  table  the  first  column  of  figures  gives  the  efficiency  < 
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defined  by  Wedding  as  the  quotient  of  the  energy  g^ven  out  in 
the  farm  of  useful  Ught  (light  of  the  wave  lengths  of  the  visible 


Caloric* 
p«r  Candle 

Efficiency  per  Huur 

Kerosene  lamp... . o.ooo    ig  36.4 

Gasoline ...       o.ooo    063  16.3 

Welsbach  incandescent  gas  light  .. .       0.000     18  ii.o 

High-pressure incandesccnigasUghl       0.000    65  1  6.48 

"LucasJight' to          [•  7.82 

"  Mitlenivim  tight " o.uoo    96  J  5.77 

Carbon  tilament  electric  latrp 0.002  to  0.0048  7.6  to  3.99 

Osmium  bmp 0.006       2  1*34 

Nernst  lamp.    , 0.008       5  1. 63 

Electnc  arc  lamp <  o.cos    98  to  0.9 

Flame  arc f  0.003     38  0.2 


Cost  per  tooo 

Candle- b'-iurk 

in  Centi 
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spectrum),  divided  by  the  total  energy  consumed  by  the  lamp; 
It  will  be  seen  that  even  the  best  efficiencies  in  this  table  aru  below 
one  per  cent.  The  second  vertical  column  gives  the  calories  con- 
sijmed  per  hour  for  the  production  of  one  spherical  candle.  The 
tliird  column  gives  the  cost  per  thousand  candle-hours  in  cents, 
but  the  author  emphasizes  the  point  that  these  figures  should  be 
used  cautiously,  since  many  other  factors  decide  the  advisability 
of  using  a  certain  light.  The  author  gave  some  notes  on  the 
zirconiunx  lamp.  It  was  stated  that  from  one  kilogram  of  zir- 
conium 100,000  filaments  can  be  made,  and  that  the  lamp  will  be 
sold  at  the  price  of  38  cents.  The  lamp  consumes  normally  two 
watts  per  candle.  Singie-filament  lamps  are  adopted  for  T,y  volts, 
so  that  on  loo-volt  mains  three  such  lamps  are  used  in  series. 
Single  filaments  are  also  made  for  44  volts,  so  that  five  such 
lamps  are  used  on  220-volt  circuits.  In  lamps  of  60  to  100 
candles,  several  filaments  are  used  in  one  lamp,  so  that  a  single 
lamp  may  be  connected  across  i  lovolt  mains.  Recent  life  tests 
have  given  a  life  of  700  to  1000  hours.  Concerning  arc- 
lamp  engineering,  it  was  remarked  that  at  present  three  lamps 
(without  series  resistance)  are  used  in  series  across  iio-volt 
mains,  but  this  is  recommended  only  for  large  consumers.  The 
atitt)or  mentioned  a  new  lamp  of  Tito  Livio  Carbone,  in  which 
inclined  carlxjns  are  used  side  by  side  as  in  the  Bremer  lamp,  but 
the  carbons  are  not  impregnated  with  chemicals.  By  a  special 
magnetic  device,  the  arc  is  blown  downwards  so  as  to  form  a 
hemisphere.  The  voltage  is  90,  and  the  light  is  quiet  and  steady. 
However,  the  specific  energy  consumption  is  higher  than  in  en- 
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dosed-arc  lamps.  Herr  Beck  has  recently  invented  an  arc  lamp 
without  regulating  magnets,  and  the  author  stated  that  the  lamp 
has  given  good  results  in  the  laboratory.  He  provides  one  of  the 
two  carbons  (which  are  placed  side  by  side  in  a  sharply  inclined 
position)  with  a  longitudinal  ridge  which  rests  on  a  refractory 
foondatioa.  By  the  heat  radiated  from  the  carbon  end,  the  ter- 
mtnal  of  the  ridge  becomes  a  fine  point,  which  bums  away  simul- 
taneously with  the  carbon,  and  thus  causes  the  gradual  and  con- 
tinuous descent  of  the  carbon. 


IMPREGNATED  CARBON  ARC  I^lfPS 

Arc  lamps  with  impregnated  carbons  continue  to  command  a 
good  deal  of  attention,  and  the  results  are  very  interesting,  espje- 
ciaOy  in  regard  to  the  work  of  Blondel  and  Bremer,  the  principal 
experimenters  in  Europe  in  this  field.  Some  data  were  furnished 
not  long  ago  from  Germany  as  to  tests  on  such  lamps.  In  the 
Biondel  arc  lamp,  only  one  «jf  the  carbons  is  impregnated  with  salts 
for  increasing  the  illumination ;  the  positive  carbon  is  the  lower 
one  for  direct-current  arcs;  the  ujjper  arc  is  surrounded  by  a 
reflector.  The  impregnated  lower  carbon  consists  of  three  parts, 
a  core  and  two  concentric  layers  around  it.  The  outside  layer  is 
pore  carbon;  the  middle  layer,  which  is  the  thickest  one,  is  a 
mixture  of  carbcn  and  salts  for  increasing  the  illumination  (salts 
of  calcium,  magnesium,  et  cectcra),  while  the  central  core  has  the 
same  composition  but  is  less  compressed.  The  object  is  that  the  arc 
should  remain  always  in  tlie  centre  of  the  carbon  and  the  carbon 
should  bum  off  imiformly.  The  thickness  of  the  carbon  varies 
with  the  size  cf  the  lamps.  For  5-ampere  lamps  the  thickness 
is  about  1.3  ctntimetrcs,  and  the  length  of  the  carbon  decreases 
per  hour  about  1.3  centimetres.  The  upper  carbon,  which  with 
direct  current  is  the  negative  one,  is  mostly  made  of  pure  carbon 
and  only  very  slightly  impregnated.  The  vapors  from  the  salts 
in  the  lower  carbon  rise  into  the  arc  and  are  heated  to  white  heat 
and  are  condensed  on  the  reflector  at  the  top  of  the  lamp.  The 
rtflector  consists  of  a  central  circular  reflecting  disc  of  insulating 
awterial  and  an  external  ring  of  metaL  Lamps  were  first  made 
far  a  cnrrent  of  five  and  three  amperes,  but  at  present  there 
are  lamps  that  consume  only  one  ampere.  The  length  of  the  arc  is 
between  u  and  1. 9  centimetres,  and  increases  with  the  voltage.^ 
The  normal  Toltage  is  50.    The  data  foUow: 
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The  lower  carbon  a  postllve  Blondel  carbon 
of  9  min.  diameter,  the  upper  a  Siemens 
carbon  A  of  7  mm.  diamcier 

The  same  a»  before,  but  diameters  of  11  and 
7mm.  respectively 

The  upper  carbon  a  positive  Siemens  A  carbon 
with  core  of  9  mm.,  ihe  lower  a.  negative 
Siemens  carbon  of  7  tn m.  diameter 

The  same  as  before,  but  diameters  of  11  and 
9  mm.  respectively 

Bremer  lamp 

Bremer  lamp 


2-9 


is  J 


JLS 


0.746 
0.644 

O.IOO 

0.126 


According  to  tests  tlie  Blondel  lamp  consumes  only  nine  per 
Cent  more  power  per  candle  than  the  Brenter  lamp,  but  this  dif- 
ference is  thought  to  be  of  less  importance  since  o.i  watt  per 
candle  is  obtained  with  the  Bremer  lamp  on!y  for  such  a  high 
current  as  20  amperes,  while  the  Blondel  lamp  gives  about  the 
same  result  for  about  five  amperes.  The  3-ampere  lamp  is  said 
to  be  about  as  economical  as  the  12-ampeTe  Bremer  latnp — but 
meantime  the  Bremer  lamp  is  that  which  has  become  best  known 
in  the  practical  art. 

MERCURY-VAPOR  ARC 

The  mercury-vapor  arc  continues  to  make  a  field  of  utility  for 
Itself  and  to  demonstrate  economies  of  a  striking  character.  It 
might  perhaps  he  characterized  as  the  "yellow  peril,"  before  which 
the  other  illuminants  crumble  away  as  do  the  Russian  legions,  but 
which  has  also  its  metcs  and  bounds.  A  notable  example  of  its 
useful  quality  is  afforded  in  its  arJoption  by  the  Nciu  York  Times, 
whose  tower,  if  not  quite  so  beautiful  as  that  of  Giotto  in  Florence, 
dominates  not  less  (he  landscape,  and  at  night  glows  with  a  radi- 
ance that  puts  shadows  on  the  moonlight.  In  both  the  aerial 
composing  room  and  the  subterranean  press  room,  Cooper-Hewitt 
lamps  are  used,  and  it  is  worth  noting  incidentally  that  all  the 
current  for  the  liuge  building  :s  supplied  from  the  New  York 
Edison  mains.  The  ujiusual  color  of  tl'e  light  in  the  composing 
room  at  the  top  of  the  building  catches  the  eye  from  any  quarter 
of  the  city.     There  are  12  such  lamps  in  that  department,  and 
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for  the  make-up  tables  they  are  considered  very  sadsfoctoty 
thoK  who  have  worked  under  them,  gi^'ing  a  cool,  soft  light, 
miice  that  of  daylight.  \\'ith  regard  to  the  tjpesettiag  machinery^ 
et  attera,  as  the  light  casts  no  shadow,  the  t^-pe  can  be  seen 
anr  position.  New  t^-pe  can  also  be  easily  read,  as  it  has  a  dull 
appearance  and  casts  no  reflection.  There  are  also  four  tubes  in 
the  mailing  department.  The  presses  are  no  less  than  55  feet  below* 
the  street  surface,  and  the  equipment  is  such  that  144JDOO  sixteen* 
page  papers  can  now  be  turned  oat  in  an  hour,  while  an  ultimate 
capacity  of  ^^jcxyo  can  be  provided.  In  the  press  and  stereotype 
rooms  26  Cooper-Heuitt  lamps  are  installed,  lighting  four  double, 
qtiadruple.  octu(de  presses  and  two  autopUte  machines.  These 
tubes  take  the  places  of  no  less  than  132  incandescent  lamps  and  14 
arcs,  consuming  also  but  oae-third  of  the  current  They  light  the 
fcur  presses  thoroughly,  as  well  as  the  area  of  17.000  square  feel 
of  floor  space,  with  a  ceiling  21  feet  high.  Your  coauuittee  has' 
been  interested  to  note  in  studying  this  equipment  how  the  disad- 
vantages of  wiring  around  presses  are  ob^-iated,  as  they  are  thor- 
ooi^iily  weD  lighted  by  reBecticHi.  These  and  ocher  lamps.  42  in 
an,  are  operated  two  in  mu]ti{^e  at  118  volts,  off  the 
Edisoo  maitis.  Each  pair  takes  3.5  amperes.  Reference 
has  been  made  to  the  economy  effected  in  current.  Tbe^ 
original  estimate  for  current  with  arcs  and  incandescents  was 
15  kilowatts.  The  Cooper-Hewitt  outfit  takes  546  kilowatts. 
Another  point  as  to  economy  occurs  in  regard  to  the  installadoo. 
the  expense  for  which  was  greatly  reduced.  Had  incandescents 
been  used  it  would  have  necessitated  boring  about  1600  holes  in 
the  press  frames.  The  tubes  used  taking  3.5  amperes  per  pair, 
ha\-e  for  109- 125- volt  circuits  a  light-giving  length  of  20.75  im 
and  a  total  tube  length  over  all  of  27.25  inches.  The  diameter 
of  the  tube  is  one  inch,  and  the  length  of  the  suspension  bar 
varies  from  three  inches  to  four  feet  With  only  a  3-inch  sus- 
pension bar,  the  k>wer  end  of  the  lamp  is  15  iiKhes  from  the 

OTHES  ILLUMINANTS 

The  attention  of  %'our  convention  in  Boston  last  jear 
directed  to  the  magnetite  lamp,  in  regard  to  which  technical' 
details  were  presented  at  that  tinte.     Since  then  a  number  of 
central  stations  have  closed  contracts  with  their  respective  citi< 
on  the  basis  of  magnetite  arc  tamps  for  public  ligfating.    Our  owit] 
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Ijresident,  Mr.  Davis,  has  been  one  of  the  leaders  in  this  direction 
with  an  equipment  of  300  Hghts  operating  since  last  February. 
Other  plants  that  might  be  mentioned  are  Marysville,  Ohio,  with 
Hk  capacity  of  70  lights,  operating  since  last  summer,  and  Harris- 
burg,  Pa.,  with  not  less  than  800  in  service  since  last  March. 
At  St.  Joseph,  Mo.,  an  equipment  of  50a  lights  is  now  being 
installed.  Your  committee  suggests  that  it  would  be  very  inter- 
esting to  hear  from  some  of  the  members  representing  these 
companies,  as  to  the  actual  results  obtained  with  this  promising 
and  apparently  economical  innovation. 

The  Nernst  lamp,  since  our  last  convention,  appears  to  have 
made  considerable  progress  and  headway,  and,  to  quote  the  lan- 
guage of  Mr.  James  Williamson,  superintendent  of  the  Pennsyl- 
vania Light  and  Power  Company,  of  Allegheny.  Pa.,  "as  a  weapon 
in  the  hands  of  a  central-station  manager  fighting  gas  competition, 
the  Nernst  lamp  is  most  effective."  This  manager  states  that  he 
is  replacing  his  arc  lamps  with  midtiple-glower  Xemsts  as 
lapidly  as  possible.  Somewhat  similar  testimony  is  borne  by 
Mr.  G.  S.  Davis,  of  the  Albion  ( N.  Y.)  Electric  Light  and  Power 
Company.  Mr.  W.  A.  Donkin,  general  contracting  agent  of  the 
Allegheny  City  Lighting  Company,  of  Pittsburg,  reported  at  the 
end  of  April  a  connected  load  of  Nernst  lamps  equivalent  to  600 
kilowatts-  The  parent  company  exploiting  this  illuminant  reports 
that  up  to  January  i  it  had  173  central-station  lighting  companies 
under  contract,  and  that  since  then  it  has  closed  contracts  with 
54  other  companies.  Such  figures  indicate  that  the  Nernst  lamp 
has  already  established  a  place  for  itself  in  the  great  field  of 
electric  illumination,  and  is  entering  upon  a  career  of  great  use- 
fulness in  the  art. 

In  the  field  of  industrial  vacuum-tuhe  lighting,  Mr.  D.  MacF. 
Moore  stands  prominent  for  his  persistence  during  many  years, 
and  for  the  results  which  he  now  is  achieving.  Attention  was 
directed  in  the  last  report  of  your  committee  to  the  work  done  by 
this  inventor  with  continuous  tubes  several  feet  and  yards  in 
length,  as  distinguished  from  tubes  of  three  or  four  feet  in 
length.  Several  equipments  of  Moore  tubes  have  been  installed, 
the  results  of  which  appear  to  be  quite  satisfactory.  One  of  these 
is  operated  on  the  240-volt  mains  of  the  Public  Service  Corpora- 
tion of  New  lersey  in  a  hardware  store  in  Newark.  The  con- 
tinuous tube  in  this  instance  is  not  less  than  155  feet  long.    The 


New  York  IVorld  uptown  office  has  a  tube  154  feet  long  operating 
directly  from  the  60-cycle  street  mains  of  the  United  Electric 
Company.  Several  other  installations  could  be  cited  where  the 
lubes  are  of  great  length  and  where  the  results  in  illumination 
seem  to  be  very  satisfactory  to  all  concerned.  Such  tubes 
would  appear  to  have  considerable  life,  from  the  fact  that  in  one 
case  where  the  plant  has  been  in  daily  commercial  operation  for 
over  a  year  for  about  2500  hours,  the  watts  per  candle-power  are 
reported  to  be  identically  the  same  as  they  were  when  the  plant 
was  started.  The  basis  of  operation  of  the  Moore  system  at  the 
present  time  appears  to  consist  in  applying  to  the  external  caps 
of  the  tubes  an  alternating  current  of  high  frequency,  and  this  at 
first  was  at  least  eight  times  higher  than  tlie  ordinary  60-cycle 
current  found  commonly  used.  This  has  been  obtained  by  driving 
a  special  high-frequency  dynamo  by  a  240-volt  direct-current 
motor,  but  as  stated  the  ordinary  60-cycle  current  appears  now  to 
be  practically  available.  It  is  stated  that  the  non-metallic  gas 
used  as  the  conductor  in  these  tubes  has  enduring  qualities  beyond 
what  could  be  hoped,  giving  the  tube  an  almost  unlimited  life, 
enabling  it  also  in  the  latest  development  to  use  the  standard 
60-cycle  street  mains  alternating  current.  Criticism  is  heard, 
however,  as  to  the  apparently  high  consumption  of  current,  as 
compared  with  other  vacuum-tube  lamps. 


ELECTRIC    HEATING 

It  cat!  iTDt  be  said  that  electric  heating  during  the  past  year' 
has  bccu  marked  by  any  very  extraordinary  development,  but 
there  have  been  extensive  improvements,  and  many  refinements 
have  been  introduced,  as  well  as  modifications  of  existing 
appliatices.  The  best  sign  of  the  times  has  been  the  willingness 
of  central-station  companies  to  introduce  electric  heaters  and 
cooking  paraphernalia  to  tlie  attention  of  their  customers,  and  in 
many  |iarts  of  ihc  country  practical  demonstrations  liave  been  in 
onlcr,  with  the  result  of  arousing  considerable  interest  on  the 
jxtrt  (if  the  public.  Once  or  twice  lately  your  committee  has  wit- 
nesscil  .Midi  exhibitions  and  has  had  an  opportunity  to  study  the 
demeanor  of  the  public.  Many  persons  have  come  in  and  inquired 
as  to  t!>c  price  of  the  apparatus,  the  amount  of  current  consumed, 
And  its  general  applicability,  but  in  other  cases  the  ignorance 
displayed  has  been  at  once  dense  and  stupendous.  There  is 
evidently  here  a  jrreat  field  foe  missionanr  effort  equalling  that 
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which  was  expended  upon  electric  lighting  in  its  early  days. 
In  view  of  the  radical  reductions  in  the  price  of  current  which 
appear  to  impend  in  various  quarters,  electric  heating  is  entering 
upon  a  new  stage  of  practical  development,  and  it  is  earnestly 
recommended  that  the  central-station  companies  give  the  manu- 
facturers of  such  appliances  a  most  liberal  opportunity  for  reach 
ing  the  public  and  for  adtting  to  the  consumption  capacity  of  the 
circuits.  In  this  respect  the  brilliant  and  encouraging  example 
of  the  gas  companies  in  dealing  with  the  gas  stove  may  well  be 
imitated. 

TANTALUM    INCANDESCENT    LAMP 

When  we  turn  to  the  field  of  electric  incandescent  lighting, 
a  wide  range  of  novelty  and  originality  presents  itself,  and  some 
people  are  inclined  to  think  that  the  twenty-fifth  celebration  of  the 
aimiversary  of  the  incandescent  lamp  last  year  was  also  its  swan 
song.  Time  alone — or  American  restlessness  and  ingenuity — can 
prove  this  to  be  true.  It  may  be  imaginary.  First  of  all,  we  have 
looming  up,  not  merely  on  the  horizon,  but  literally  if  not  gram- 
matically "in  our  midst,"  the  tamaluni  lamp.  This  takes  us  back 
at  once  to  the  beginnings  of  the  incandescent  lighting  art  and  to 
the  attempts  made  to  employ  mttallic  filaments.  The  new  lamp 
we  owe  to  the  splendid  enterpri.se  and  persistence  of  Siemens  and 
Halske,  of  Berlin.  With  the  fundamental  principle  as  a  starting 
point,  that  the  visible  part  of  the  radiation  from  an  incandescent 
lamp  filament  increases  progressively  with  the  temperature  of  the 
filament,  Messrs.  Siemens  and  Halske  several  years  ago  began 
elaborate  Iabf>ratory  experiments  to  discover  a  material  for  fila- 
ments that  would  withstand  a  much  higher  temperature  than  the 
incandescent  lamp  filament  can  economically  endure.  Dr.  W.  von 
Bolton  was  placed  in  charge  of  this  work,  and  took  up  in  turn 
for  investigation  a  number  of  metals,  the  melting  points  of  which 
are  known  to  be  considerably  above  2000  degrees  Cent.  It 
was  found  that  vanadium,  as  obtained  from  the  electrolytic  com- 
position of  vanadtc  acid,  had  a  melting  point  too  low  for  the  pur- 
pose in  view.  Niobium  and  tantalum,  of  the  same  group,  were 
then  taken  up,  and  while  the  former  was  found  to  have  a  melting 
point  considerably  above  that  of  vanadium,  it  was  yet  too  low ; 
moreover,  filaments  made  of  this  material  had  a  strong  tendency 
to  disintegrate  when  heated  by  the  electric  current.  In  the  experi- 
ments with  tantalum,  potassium  tantalo-fluoride  was  reduced,  and 
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the  finely  divided  tantalum  obtained  became  fairly  coherent  on 
rolling,  enabling  metallic  filaments  to  be  obtained.  Tantalum  oxide 
mixed  with  paraffin  was  made  into  the  form  of  filaments  and  re- 
duced to  a  metallic  state.  In  these  experiments  there  was  for  the 
first  time  observed  a  minute  globule  of  molten  tantalum,  which  was 
of  sufficient  toughness  to  permit  hammering  and  drawing  into 
wire.  Following  up  this  observation,  tantalum  powder  was  melted 
in  a  vacuum,  and  then  it  was  found  that  the  highly  heated  metal 
parted  with  the  gases  it  contained.  In  this  manner  the  first  fila- 
ments of  pure  tantalum  metal  were  produced,  which,  however, 
were  quite  small.  When  they  had  been  used  in  lamps  with  promise 
of  good  results,  an  attempt  was  made  to  devise  a  definite  process 
of  purification.  Potassium  tantalo-fluoride  reduced  to  metallic 
powder  contains  a  small  proportion  of  oxide  and  of  hydrogen, 
absorbed  during  the  reduction.  When  the  powder  was  melted  in 
a  N-acuum  the  oxide  and  absorbed  gas  disappeared,  and  a  reguline 
metal  remained,  and  on  carefully  remelting  no  appreciable  im- 
purities cowld  be  detected  in  it. 

The  chemical  properties  of  this  pure  tantalum  are  very  re- 
markable. When  cold  the  material  resists  chemical  agents 
strongly;  it  is  not  attacked  by  boiling  hydrochloric  acid,  aqua 
regia,  nitnc  acid  or  sulphuric  acid,  and  it  is  also  indifferent  to 
alkaline  solutions;  it  is  attacked  solely  by  hydrofluoric  acid. 
Heated  in  the  air,  it  assumes  a  yellow  tint  at  about  400  degrees 
CcnL,  like  steel,  and  also  like  steel  the  tint  changes  to  dark 
blue  when  Uie  tantalum  is  exposed  for  some  time  to  500  degrees 
Cent.,  or  for  a  shorter  time  to  600  degrees  Cent.  Thin 
wires  of  it  bum,  when  ignited,  with  low  intensity  and  without  any 
noticeable  flame.  It  greedily  absorbs  hydrogen  as  well  as  nitroge 
even  at  a  low  red  heat,  forming  with  them  combinations  of 
metallic  appearance,  but  rather  brittle.  It  ccmibines  with  cart 
very  easily,  forming  several  carbides  which,  as  far  as  they  are 
at  present  known,  are  all  of  metallic  appearance,  but  ver>'  hard 
and  brittle.  When  in  the  form  of  powder,  still  containing,  as  pre- 
vioasly  stated,  oxide  and  hydrogen,  the  specific  gTavit>-  is  about 
14;  H'^hen  purified  by  fusion  and  drawn  into  wire,  it  has  a  spe- 
ci6c  gravity  of  16.S.  It  is  somewhat  darker  than  platinum  and 
has  a  hardness  about  that  of  mild  steel,  but  show^s  greater  tensile 
strength  than  steel  does.  It  is  malleable,  although  the  effect  of 
hammering  is  relatively  small,  so  that  the  operatioa  mmt  be  rather 
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long  and  severe  to  extend  the  metal  into  a  sheet.  It  can  be  rolled 
as  well  as  drawn  into  very  fine  wire.  Its  tensile  strength  as  a  wire 
is  remarkably  high,  and  amounts  to  133,000  pounds  per  square 
inch,  while  the  corresponding  figure  for  good  steel  is  100,000  to 
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112,000,  according  to  Kohlrausch.  The  electrical  resistance  of  the 
material  at  indoor  temperature  is  0.165  ohm  for  a  length  of  one 
metre  and  a  section  of  one  square  millimetre  (specific  conductivity 
as  compared  with  merniry,  6.06)  ;  the  temperature  coefficient  is 
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|>ositivc  and  has  a  value  of  0.30  between  o  and  100  degrees  Cent, 
at  the  tem()erature  assumed  by  the  incandescent  filamait 
lit  the  lamp  under  a  load  of  1.5  watts  per  candle-power,  the  re- 
idstancc  risi's  to  0.830  ohm  for  a  length  of  one  metre  and  a  section 
«f  one  square  niillinietre.  The  coefficient  of  linear  thermal  ex- 
pansion between  o  degrees  and  60  degrees  Cent,  is  0.0000079, 
«co)r(liti^  lo  ixperiiitctils  made  by  the  Imperial  Normal-Aichungs 
(standard  measurement)  commtssion.  Fusion  is  preceded  by  a 
grmhial  Ruftvnin^,  which  appears  to  extend  over  a  range  of  tem- 
perature t>f  .sevtMul  hundred  degrees.  The  specific  heat  is  O.0365. 
kc  that  the  atomic  heat  is  6.64.  The  development  of  a  conimer- 
ctal  lamp  fn>m  the  <lata  (if  Dr,  Bolton's  experiments  was  in  charge^ 
of  Hr.  t\  I'Vucrlein.  The  Siemens-Halske  Company  has  tak< 
out  aUnit  JOG  intents  on  the  lamp,  comprising  about  1000  claims. 
IvxiH.Tinwnt.s  with  nwmy  hundretls  of  the  tantalum  lamps  g^ve  a 
QSit'ful  hfe  of  4CK>  to  600  lumrs,  during  which  it  consumed  ab<:>ut 
1^  watt»  \icr  eandle-i>owcr.  Useful  life  is  defined  as  the  time  at 
Ihe  cuil  of  which  the  lamp  has  lost  jo  i>cr  cent  of  its  "light  energy." 
TIk'  candle-power  incre.isis  during:  the  first  100  hours,  whereby 
the  $|x<ci6c  energy  consumption  decreases  to  about  1.3  watts  per 
CUidle.  The  latter  then  tncrcasrs.  and  at  the  end  of  the  use  ft 
ttfe  ttit  lamp  cxnisuioes  i.S  to  2  watts  per  candle.  The  lamp/! 
iKMvcvtr.  continnes  to  Intm  for  1000  or  1500  hours.  Tests  made 
in  ihUcoaatry  hy  Dr,  A.  R  Kcnnelhr  *nd  Mr.  S  E.  \Miiting  coih-j 
fim  tbcae  fi|n>ttr$  frv>m  Germany,,  nstn^  a  batch  of  ten  frostc 
{>V«be  lamfxs  as  a  basis.  Tbc  curves  presented  herewith.  Figures 
MidJk  MMHUtfue  the  cocnpanson  between  these  lamps  and 
vS  thft  e«rixNii4klMncnl  ^ype. 

lite  Mktwtnif  table  shows  a  oonfMiisoB  of  ittt  ten  tantalum 
thwwrt:  Imh^  in  t«fivd  to  vaiknmttj  of  rmrfV  power  and  coo- 
all  Alt  momImI  VOltl|p&  IM. 
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More  details  might  be  given  on  the  subject,  but  it  is  under- 
stood that  further  tests  and  the  lamp  itself  will  be  brought  before 
the  association,  relieving  your  committee  of  responsibility  in  the 
ujatter. 


THE  OSMIUM   LAMP 

So  much  for  tantalum.  "There  are  others."  One  of  these 
is  the  osmium  lamp,  which  has  been  heard  of  before.  Some  new 
data  were  brought  recently  to  the  notice  of  the  German  Elektro- 
technischer  V^erein  by  Herr  Blau.  As  the  lamp  is  not  well  known 
in  America,  a  few  details  may  be  cited.  The  present  method  of 
making  the  filaments  is  as  follows ; 

The  crude  material  is  very  finely  divided  osmium,  which  is 
mixed  with  organic  binding  materials  so  as  to  form  a  thick,  tough 
jjastc,  which  is  pressed  under  very  high  pressure  through  an  aper- 
ture. A  thread  is  thereby  obtained  which  is  fonned  into  loops. 
The  threads  are  then  dried,  and  are  heated  in  the  absence  of  air  in 
order  to  carljonize  the  binding  material,  and  then  subjected  to  the 
n;ost  important  process,  which  is  called  formation.  The  threads, 
which  now  consist  of  porous  rough  osmium  with  a  high  content 
of  carbon,  are  heated  for  a  long  time  by  means  of  an  electric  cur- 
rent gradually  to  a  higher  and  higher  temperature  up  to  white 
heat  in  an  atmosphere  which  contains  very  much  steam  and  smaller 
or  larger  quantities  of  reducing  gases.  The  filament  thus  becomes 
pure  porous  osmium  of  a  far  greater  density  than  the  former 
rough  thread.  During  ihe  use  of  the  lamp  the  osmium  surface 
becomes  gradually  more  and  more  smooth ;  this  accounts  for 
an  increase  of  the  light  given  out  by  a  lamp  during  the 
first  few  hours.  The  filaments  of  these  lamps,  which  con- 
sume 1.5  watts  per  candle-power,  have  a  diameter  of  al>out 
0.087  millimetre,  and  a  length  of  about  280  millimetres.  On  ac- 
count of  the  increase  of  resistance  with  temperature,  an  increase 
of  the  voltage  by  lo  per  cent  results  in  an  increase  of  the  current 
by  6.5  per  cent,  while  in  the  carbon  incandescent  lamp  the  current 
is  increased  by  12  per  cent.  At  the  same  time  the  light  in  the 
osmium  lamp  is  increased  by  sonrewhat  over  40  per  cent,  while  the 
light  from  a  carbon  incandescent  lamp  is  increased  by  80  per 
cent.  Variations  of  voltage,  therefore,  have  a  much  smaller  in- 
fluence on  the  light  of  the  osmium  lamp  than  on  that  of  the  carbon 
incandescent  lamp.     The  useful  life  of  the  osmium  lamp — that  is, 
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tfae  time  in  which  the  candle-power  has  decreased  by  20  per  cenl 
of  the  original  N^alue — is  about  2000  hours.  The  real  life  is  very 
long.  A  large  number  of  lamps  have  been  burned  for  more  than 
5000  hours.  In  some  plants  in  which  lamps  were  installed  in 
October.  1902.  and  used  on  an  average  from  800  to  1000  hours 
per  year,  only  ten  per  cent  of  ilie  lamps  have  since  been  exchanged. 
The  osmium  lamp  is  somewhat  more  fragile  than  the  carbcwi 
incandescent  lamp  if  exposed  to  hard  knocks.  The  statistics  on 
the  transport  of  osmium  lamps  show  that  about  1.5  per  cent  were 
broken.  The  vibrations  of  railroad  cars,  however,  have  no  effect 
on  the  lamp,  which  has  proven  very  satisfactory  for  car  lighting. 
The  lamp  is  of  excellent  ser^Hcc  when  supplied  from  storage  bat- 
teries, especially  as  a  safety  lamp  for  miners;  for  this  purpose  a 
2-volt  lamp  is  used.  The  former  difficulties  in  making  a  1 10- volt 
lamp  of  long  life  have  now  been  overcome. 

THB  CADJflUtf  LAMP 

Another  candidate  for  favor  is  the  cadmium,  or  ca«!nttum~ 
amalgam  lamp,  which  is  an  improvement  on  one  made  some  seven 
rears  ago  by  Gumlich,  who  constructed  a  vacuum  lamp  containing 
cadmium  amalgam  instead  of  mercury.  The  lamp  offered  the  ad- 
vantage of  adding  the  highly  luminous  cadmium  lines  to  the  spec- 
tram  of  the  mercun. .  But  it  failed,  owing  to  its  short  life,  break- 
ing after  a  few  experiments,  whereas  a  good  mercury  lamp  may 
last  for  years.  Since  Heraeus  has  succeeded  in  constructing  mer- 
cuf}-  lamps  of  quartz,  it  suggested  itself  to  try  this  material  for 
tbe  coostniction  of  amalgam  lamps.  This  attempt  has  been  stic- 
oessfuL  The  amalgam  used  by  the  authors  contains  14 
peats  of  cadmiimi  to  100  of  meixrury.  At  ordinar}-  tem- 
peratures it  is  a  soft  mass,  which  on  slightly  heating  becomes 
as  fluid  as  mercury  and  is  easily  worked  with.  The 
oxidation  of  the  cadmium  is  so  slight  as  to  be  innocooas.  The 
lamp  may  be  lighted  by  shaking,  but  a  better  method  is  by  using 
a  lighting  de\ice.  as  in  the  Hewitt  mercury  lamps.  A  current 
flowing  ihnnugh  a  parallel  inductance  at  1 10  volts  pressure  is  sud- 
denly interrupted.  It  thus  generates  a  high  potential,  which  suf- 
fices to  bridge  the  gap  between  the  amalgam  electrodes.  After 
that  the  lamp  continues  to  bum  steadily  with  one  or  two  amperes. 
It  is,  however.  necessan>-  to  heat  the  lamp  externally  with  a  Bunsen 
burner  before  starting  or  restarting  it.     After  some  use.   it   is 
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necessary  to  keep  the  lamp  steadily  heated  up  in  that  way  to  make 
it  burn  continuously.  The  lamp  may  be  brought  back  to  its  origi- 
nal condition  by  renewing;  tlie  exhaustion 

ELECTRIC    POWER   FOR   REFRIGERATION 

The  past  year  has  witnessed  a  notable  extension  of  the  use 
of  electric  current  for  power  purposes,  and  the  electric  drive  is 
now  a  familiar  feature  of  very  nearly  every  industry  taking 
current  from  central-station  mains.  There  are,  however,  many 
fields  that  fortunately  still  remain  to  be  exploited,  and  the  central- 
station  manager  is  keen  to  detect  these  wherever  they  may  exist. 
Mr.  J.  C.  Chamberlain,  a  well-known  electrical  engineer,  has 
recently  drawn  attention  to  the  large  field  found  in  connection 
with  refrigeration  or  cold  storage,  as  power  required  in  small 
units  is  a  most  desirable  addition  to  the  load  on  lighting  mains. 

As  Mr.  Chamberlain  has  pointed  out,  a  refrigerating  power 
load  is  essentially  a  small  load.  It  is  always  a  long  load  in  all 
(he  hot  months.  The  hours  of  daily  operation  follow  the  weather 
conditions  closely  from  the  sunmier  solstice  through  to  the  winter 
months.  It  is  also  a  day  load  at  any  season  of  the  year  and  is 
essentially  continuous,  so  that  it  can  be  readily  determined  in 
extent.  When  used  in  meat  markets,  hotels,  restaurants,  and 
food  stores,  this  power  load  or  demand  comes  on  at  a  time  in  the 
early  morning  when  other  requirements  for  electric  current  are 
usually  quite  small.  On  the  other  hand  the  refrigerator  load 
becomes  less  at  the  time  of  day  when  the  electric  lighting 
increases,  for  then  the  refrigerators  are  usually  closed  for  the 
day  ami  the  demand  for  them  is  negligible.  This  refrigerator 
load  may  thus  also  be  eliminated  from  the  peak-load  of  a  station, 
as  by  an  automatic  clock  mechanism,  under  the  control  of  the 
electric-light  inspector,  just  as  the  electric  meters  or  other  au-xili- 
aries  may  be.  No  harm  is  done  to  ihe  refrigerator  work,  for 
while  the  motor  driving  the  refrigerator  machine  may  be  stopped 
for  an  hour  or  two  tlie  rise  in  temperature  in  any  thoroughly 
cooled  refrigerator  compartment  will  be  but  a  few  insignificant 
degrees. 

In  introducing  apparatus  falling  within  these  conditions  and 
requirements,  Mr.  Chamberlain  has  made  an  interesting  presenta- 
tion of  the  work  involved  and  the  results  that  apparently  may  be 
obtained :  Wherever  electric  current  can  be  furnished  for  power 
purposes  at  a  rate  less  than  five  cents  per  kw-hour,  this  automatic 
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refrigeration  effects  a  large  saving  over  the  cosi  of  ice,  even  if  the 
manifest  advantages  of  cleanliness  and  convenience  of  operation 
be  not  considered ;  and,  as  an  example,  the  following  figures  may 
be  interesting  in  showing  tlie  cost  of  refrigeration  by  electric 
power  as  compared  with  the  cost  of  ice.  Take  the  case  of  a  five- 
hp  plant  which  in  twenty-four  hours  will  produce  refrigeration 
equivalent  to  the  melting  of  5200  poimds  of  ice  in  the  same  time. 
Ice  in  a  well-insulated  refrigerating  space  of  10,000  cubic  feet 
can  maintain  a  minimum  temperature  of  45  to  48  degrees  in  hot 
weather,  and  will  cool  about  8000  pounds  of  food  supplies  during 
the  twenty-four  hours.  This  service  requiring  5200  pounds  of  ice 
per  day,  or  78  tons  per  month,  at  $3.00  a  ton,  will  cost  for  each 
hot  month  about  $234. 

Equivalent  automatic  mechanical  refrigeration  in  the  same 
space  and  under  like  conditions  will  produce  llie  same  temperature 
of  45  to  48  degrees,  or  will  produce  tlie  usually  desired  cold- 
storage  temperature  of  36  degrees  in  a  smaller  space  of  about 
7500  cubic  feet.  This  work  will  require  about  3.7  kilowatts,  or 
2668  kw-hours  per  month  (if  operated  continuously),  and  at  four 
cents  per  kw-hour  will  cost  (including  the  necessary  cooling 
water,  $11)  for  each  hot  month  about  $118. 

In  other  words,  if  the  electric  current  at  four  cents  per  kw-iKMtr, 
with  cooling  water,  used  during  a  hot  July  or  August,  amounted 
to  $1 18  for  the  month,  the  annual  cost  of  power  will  probably  not 
exceed  six  times  this  amount,  or  $708.  In  the  case  of  ice,  using 
5200  pounds  per  day.  at  a  cost  of  $234  in  a  hot  month,  the  annual 
coosumpdon  would  be  about  $1404.  This  would  show  a  saving  of 
nearly  $700  per  year,  and  in  less  than  three  years  the  saving 
would  be  suifiaent  to  pay  for  an  entire  five-hp  plant,  for  such  a 
plant  installed  in  operation  under  favorable  conditions  will  proba- 
bly not  cost  more  than  $1700  to  $i8oa 

In  this  comparison  the  refrigerating  temperature  of  36  degrees 
has  been  mentioned  because  most  food  supplies  are  best  preserved 
in  cold  storage  at  about  this  temperature,  but  if  a  lower  or  colder 
temperature  be  required  either  the  cubic  foot  space  to  be  cooled 
or  the  refrigeration  duty  must  be  reduced,  or  a  larger  plant  will 
be  neccssan .  So  also  has  an  outside  temperature  of  90  degrees 
been  assumed  in  calculating  the  refrigerating  work  necessary  foe 
the  cubic  foot  spaces  mentioned:  but  less  severe  weather  condi- 
tions will  alkiw  either  an  increase  of  cold  storage  duty  or  decrease 
in  running  hoars  of  machine  per  day. 
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Mr.  Martin  :  I  want  to  say,  in  connection  with  Dr.  Bell's 
report,  that  I  have  with  me,  through  the  courtesy  of  Mr.  Edward 
D.  Adams,  of  New  York,  twelve  of  the  tantalum  lamps.  I  ven- 
ture to  say  that  to  many  of  you  this  metallic-filament  lamp  is 
a  novelty.  Some  of  the  gentlemen  present  have  had  this  lamp 
under  test  and  can  therefore  corroborate  or  contradict  Dr.  Bell's 
figures  from  their  own  data. 


Mr.  Martin  then  read  the  report  of  Dr.  Bell,  as  follows: 

THE  TANTALUM  INCANDESCENT  LAMP 


The  writer  was  lucky  enough  to  receive  through  the  cour- 
tesy of  Mr.  E.  D.  Adams  ten  25-Hefner.  no- volt  tantalum 
lamps.  These  were,  with  the  kind  assistance  of  Professor 
Puffer,  put  through  various  tests,  and  in  particular  two  of  lhen> 
were  given  a  decay  test  with  the  rather  startling  results  recently 
pbbUsbed  in  a  joint  paper.  The  upshot  of  the  matter  was  that 
these  two  lamps,  selected  as  being  about  the  average  of  the  lot 
in  performance,  gave  a  life  of  some  850  hours  before  CalUrtg 
below  80  per  cent  of  their  initial  candle-power,  and  were  both 
burning  at  16.6  candle-power  at  the  end  of  11 90  hours,  although 
one  of  them  had  at  some  unknown  time  in  the  previoas  three 
day?'  run  broken  a  filament  close  to  one  of  the  spider  arms  and 
had  automatically  mended  itself  by  the  fall  of  the  loose  end 
across  the  other  side  of  the  same  loop,  where  it  welded  itself 
firmly  into  place  and  went  on  burning. 

These  two  lamps  ran  800  hours  of  their  life  at  a  mean 
hofizontal  candle-power  of  20  and  at  about  2.05  watts  per  camlle, 
thus  giving  16.000  candle-hours  of  useful  life  at  this  extrenraely 
high  efficiency.  On  a  rating  of  two  watts  jjer  candle  average 
the  lamps  were  good  for  600  hours,  giving  over  12,000  caudle- 
hours.  On  a  rating  of  looo  hours  they  gave  nearly  19.CXX) 
candle-hours  at  a  mean  energy  consumption  of.  say,  2.15  \k-atts 
per  mean  horizontal  candle.  The  circuit  on  which  the  run  was 
made  was  on  the  average  fully  up  to  the  rated  110  vdlts. 
although  the  pressure  varied  somewhat  irregularly,  perhaps  a 
couple  of  volts  on  each  side  of  this  figure. 

The  light  of  the  tantalum  lamp  is,  as  might  be  cxpectMl 
from  its  high  efficiency,  rather  whiter  than  that  of  an  ordinary 
incandescent,  being  as  white  as  the  Xemst  lamp  or  the  acety- 
lene flame.  Its  distribution  of  light  is  in  the  present  form  of 
filament  rather  less  uniform  than  that  of  the  common  incandescent, 
being  relatively  more  powerful  in  a  horizontal  zone  and  less  power- 
ful for  points  near  the  axis.  The  ratio  of  mean  spherical  to 
mean  horizontal  candle-power,  as  found  in  Professor  KenneHy's 


investigation  of  the  frosted  lamps,  proved  to  be  0.73,  and  the 
writer's  figure  from  the  clear  lamps  was  substantially  the  same. 
The  distribution,  however,  could  very  easily  be  improved,  so 
that  the  spherical  reduction  factor  would  not  differ  materially 
from  the  nsual  figures  and  the  Ught  at  the  top  could  be  corre- 
spondingly increased. 

Since  the  tantalum  filament  has  a  low  initial  resistance 
t between  55  and  60  ohms)  it  jumps  into  incandescence  with 
startling  rapidity  as  compared  with  a  carbon  filament,  but 
because  of  its  jxjsitive  temperature  coefficient  it  seems  to  be 
decidedly  less  sensitive  to  changes  of  voltage  in  its  working 
condition.  This  is  a  useful  property  in  certain  respects.  The 
fact,  hovveverj  that  the  initial  resistance  of  the  tantalum  is  so 
low  and  its  thermal  inertia  so  small  owing  to  its  small  mass 
and  low  specific  heat,  means  rather  violent  heating  up,  which 
is  probably  the  cause  of  some  doubts  that  have  been  expressed 
as  to  the  endurance  of  these  tamps  upon  alternating  circuits.  It 
is  not  difficult  to  imagine  pretty  severe  strains  upon  the  fila- 
ment if  it  had  time  to  cool  down  much  between  impulses.  If 
such  cooling  could  take  place,  for  instance,  on  an  ordinary  alter- 
nating circuit,  the  results  might  be  serious. 

Some  stroboscopic  tests  were  therefore  made  at  the  last 
moment  to  determine  whether  at,  say,  25  there  was  a  specially 
violent  fluctuation  of  light  from  the  tantalum  lamp;  in  other 
words,  to  find  out  whether  on  a  25  ^  current  the  filament  had  time 
to  cool  down  materially.  The  result  showed  that  the  light  fluc- 
tuation at  this  frequency  Avas  somewhat  but  not  much  more  pro- 
nounced than  in  a  carbon  filament.  The  tantalum  lamp  behaved, 
in  fact,  about  like  a  10-cp  carbon-filaraent  lamp.  Even  a  75-cp 
carbon-filament  lamp,  however,  shows  perceptible  variation  under 
this  test.  At  6o-^the  fluctitation.  while  still  perceptible,  was  trivial 
both  in  the  tantalum  and  the  carbon  lamps.  It  hardly  seems 
probable  that  at  60  ~  the  life  of  the  tantalum  would  be  enough 
impaired  to  cause  serious  trouble,  but  the  writer  now  has  some 
lamps  on  alternating-current  tests  and  proposes  to  pursue  the 
inquiry. 

The  tantalum  filament  seems  to  stretch  and  sag  at  first  as 
if  undergoing  annealing  and  losing  the  set  produced  by  draw- 
ing. Then  it  shows  local  bright  spots,  which  grow  lumpy,  as 
if  the  material  tended  to  flow  a  little  from  the  heat,  and  with  the 
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increasing  lumpiness  the  filament  draws  up  tiglit.  At  this  stage 
it  is  rather  fragile  and  would  probably  break  easily  from  vibra- 
tion or  shock.  It  seems  likely  that  the  final  break  comes  just 
where  one  of  the  lumps  has  reduced  the  cross-section  of  the  wire 
beside  it.  The  break  in  the  lamp  during  test,  already  referred 
to,  showed  considerable  attenuation  of  the  loose  end. 

The  lamps  as  tested  showed  the  following  characteristics: 

Lamp 


Ctemr  globes 


Waiu 

CkAdle-Power 

Want  per  Candle 

f4i.55 

21.42 

1.74 

38.61 

20.90 

1.84 

41-58 

»4-93 

1.06 

41.58 

at. 55 

1.Q3 

41.91 

21. 8t 

1.92 

U'-9« 

33.59 

1-85 

40.36 

19.79 

2.03 

40.04 

18-54 

2'>5 

40.1x4 

18.74 

2.13 

(40.48 

19.27 

2.09 

Frosted  globes 


The  mean  result  from  the  clear  globes  was  22.2  candle-power 
at  1.85  watts  per  candle-power,  that  from  the  frosted  globes 
19.0S  candle-powder  at    2.1    watts  per   candle-power. 

It  is  interesting  to  note  that  the  clear  lamp  gives  just  about 
one  candle-power  per  inch  of  incandescent  filament,  which 
implies  an  intrinsic  brilliancy  of  somewhere  about  500  candle- 
power  per  square  inch  of  filament — a  figure  much  higher  than 
in  the  ordinary  incandescent. 

As  illuminants  the  lamps  are  certainly  very  excellent,  but 
their  introduction  raises  some  most  interesting  questions  for  the 
central-station  operator. 

Putting  aside  all  the  petty  questions  that  will  be  raised 
about  the  new  lamps  for  commercial  reasons,  the  broad  fact 
remains  that  w«  are  here  dealing  with  a  bona  fide  two-watt  lamp 
having  a  life  fairly  comparable  with  the  carbon-filament  lamps 
now  custoraarih'  in  use.  Moreover,  it  is  a  competitor  of  these, 
socket  by  socket,  and  not  a  substitute  with  particular  require- 
ments as  in  the  case  of  the  Nemst  lamp  or  the  very  small  arcs. 
There  is  some  doubt  as  to  the  life  of  the  tantalum  lamp  when 
exposed  to  unusual  vibration,  which  may  perhaps  bar  it  in 
some  special  locations,  but  for  the  everyday  work  of  the  central 
station  there  is  good  reason  to  helie%'e  it  generally  applicable. 

Its  price  can  hardly  be  said  to  be  fixed  in  this  country,  but 
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in  Berlin,  it  is  about  $i.oo  (M.  4},  which  will  give  at 
least  a  fair  tine  on  its  commercial  results.  On  this  basis  and 
with  current  at  10  cents  per  kilowatt-hour  one  finds,  taking  the 
new  lamp  on  its  600-hour  rating,  that  the  cost  of  its  12,000 
candle-hours,  including  the  lamp,  amounts  to  $3.40.  The  same 
number  of  candle-hours  from  a  lamp  giving  a  mean  efficiency 
of  3.25  watts  per  candle  would  cost  $3.90,  exclusive  of  lamps; 
that  is,  the  consumer  could  afford  to  pay  $1.00  for  the  new  lamp 
better  than  to  take  the  old  ones  free.  With  current  as  tow  as 
live  cents  per  kilowatt-hour,  the  user  of  tantalum  lamps  could 
only  afford  to  pay  75  cents  per  lamp  as  against  getting  carbon 
lamps  free.  That  means  that  a  sliding  scale  of  discounts  for 
lamps  according  to  quantity  cuuld  be  made  to  catch  the  con- 
sumer at  all  prices  ordinarily  charged  for  current  by  central 
stations.  Does  this  mean  that  the  carbon  lamp  will  shortly  be 
down  and  out?  Probably  not,  for  there  is  no  spur  like  competi- 
tion to  start  up  improvements,  and  there  are  some  signs  that 
carbon  lamps  may  be  improved  enough  in  efficiency  to  make 
things  interesting,  at  least  with  current  at  the  prices  charged 
to  very  large  consumers.  This,  however,  remains  to  be  seen, 
and  the  thing  which  the  central-station  man  has  to  meet  is  the 
immediate  probability  of  consumers  putting  upon  their  circuits 
lamps  taking  less  than  two-thirds  the  energy-  per  candle-power 
of  the  best  lamps  now  in  use  and  thereby  cutting  down  their 
meter  bills  enormously.  Now,  broadly,  what  shall  be  the  atti- 
tude of  the  central-station  man  toward  this  income-scalping 
innovation?  There  are  some  managers  who  may  be  inclined 
to  put  up  a  fight  to  discourage  the  user,  either  by  raising  petti- 
fogging objections  or  by  trying  to  discriminate  against  two- 
watt  lamps  by  readjusting  discoimts  in  various  ingenious  ways. 
The  writer  is  very  strongly  of  the  opinion  that  such  a  policy 
is  wrong  and  will  certainly  lead  to  ultimate  disaster  in  the  form 
of  mimicipal  restrictions  or  regulation  of  rates  by  law.  In 
the  long  run,  opposition  to  improvements  docs  not  pay.  If,  on 
the  other  hand,  the  central-station  man  hangs  quietly  on  and 
gives  the  consumer  the  glad  hand,  the  change  will  work  to  his 
ultimate  benefit.  In  the  first  place,  the  tantalum  lamps  now 
made  are  of  22  candle-power,  instead  of  16,  and  the  filament 
will  hardly  bear  much  reduction  in  cross-section.  The  tendency 
therefore  wiJl   be  to  use  these   shghtly   more   pfiwerful   tamps. 
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taking,  say,  42  watts  instead  of  a  trifle  over  50  watts  in  the 
i6-cp  carbon  lamps.  The  actual  loss  in  energy  sold  is  likely  there- 
fore to  be  for  the  present  quite  a  little  less  than  the  difference  of 
efficiency  would  indicate. 

Besides  this,  the  attraction  of  cheaper  hght  will  certainly 
bring  into  line  new  consumers,  so  that  the  net  result  will  probably 
be  an  actual  increase  in  sales  of  current,  quite  a  little  of  it  being 
along  the  smaller  consumers  who  pay  the  higher  rates.  Such 
a  change  meatis,  upon  the  whole,  more  lights  connected  per  unit 
of  capacity  in  transformers  or  feeders,  and  hence  a  slightly 
better  utilization  of  material  and  improved  load.  In  the  case 
of  stations  with  underground  service,  the  change  to  two-watt 
lamps  ought  to  bring  with  it  increased  earnings  per  unit  of  cable 
capacity.  The  fact  is  that  improvements  in  the  efficiency  of 
utilization  of  electric  energy  help  the  business,  and  it  is  both 
fruitless  and  inadvisable  to  oppose  them  from  any  short-sighted 
notion  of  small  temporary  savings. 

I  have  here  said  nothing  regarding  the  inevitable  competi- 
tion between  present  lamps  and  the  newcomer.  In  the  first 
place  the  merits  of  the  final  issue  remain  to  be  determined,  and 
in  the  second  place  competition  in  lamps  is,  on  the  whole,  a  good 
thing  for  the  user  of  them,  however  it  turns  out.  So  far  as  the 
central  station  is  concerned,  it  is  a  case  of  "dog  eat  dog." 

The  really  important  thing  is  that  from  now  on  the  sta- 
tion manager  will  have  to  deal  directly  with  the  two-watt-lamp 
proposition,  for  there  is  no  disguising  the  fact  that  it  is  here, 
and  in  a  form  that  is  quite  unexpected.  The  appearance  of 
tantalum  lamps  in  quantity  may  be  a  little  delayed  in  this  coun- 
try, but  delay  will  improve  them,  as  in  the  case  of  every  new 
product,  and  will  serve  to  assure  a  better  understanding  of  their 
truly  remarkable  properties  and  of  their  possible  limitations.  The 
unexpected  has  certainly  happened,  for  most  engineers  had  long 
ago  abandoned  the  idea  of  a  lamp  with  a  metallic  filament.  Only 
the  discovery  of  a  metal  virtually  new.  and  possessed  of  most 
sensational  qualities,  could  have  brought  about  the  present  strik- 
ing result. 

DISCUSSION 

The  Pkesident:  This  paper  is  now  open  for  discussion. 
Mr.  Cravath,  you  have  had  some  experience  with  this  tamp? 

Mr.  J-\mes  R.  Cravath  (Chicago):  Not  sufficient  to 
enable  me  to  disciiss  the  lamp. 


jident:    We  should  like  to  hea 
Williams. 

Mr.  Arthur  Williams  (New  York):  Mr.  President,  the 
tantalum  lamp  has  been  before  us  for  too  limited  a  time  to  Judge 
of  it  from  commercial  experience.  We  have  had  a  number  on 
test,  and  these  tests — and  reports  of  others  tests,  including  the 
report  we  have  just  heard  through  Mr.  Martin — promise  a  very 
marked  impruvement  in  the  future  economy  of  incandescent  light- 
ing. I  am  of  the  opinion  that  it  makes  very  little  difference  to 
the  consumer  whether  he  buys  part  of  his  light  in  current  and 
()art  in  lamps,  or  all  in  current,  and  that  with  this  lamp  remain- 
ing at  the  present  price — $i.oo  in  Germany  and  perhaps  $1.50 
or  $2.cx>  here — it  will  not  be  an  immediate  and  serious  competi- 
tor with  our  present  form  of  incandescent  lanip.  As  an  illumi- 
nant,  it  is  certainly  very  interesting,  and  promises  well  for  the 
future. 

Mil.  John  F.  Gilchrist  (Chicago)  :  The  bringing  out  of 
this  lamp  raises  a  question  that  has  been  in  the  minds  of  central- 
station  men  for  some  litde  time,  and  that  is  the  question  of 
selling  electricity  for  illuminating  purposes,  particularly  incan- 
descent lighting,  on  the  lamp-hour  basis  instead  of  the  kilowatt- 
hour  basis.  It  can  be  readily  seen  that  should  it  seem  wise  to 
push  this  lamp  hard,  the  first  thing  that  the  centraJ-station  man 
is  liable  to  consider  if  he  is  selling  current  on  the  kilowatt-hour 
basis  is  that  it  will  cut  down  his  income ;  consequently,  while 
he  may  agree  with  Mr.  Martin  that  it  is  unwise  to  hold  back 
anything  that  has  merit,  he  may  want  to  hold  it  back  until  he 
can  build  his  business  to  meet  it  and  not  impair  his  income 
too  much.  In  the  legislative  action  that  seems  to  have  taken 
the  form  of  a  wave  throughout  the  country,  the  talk  seems  to 
be  entirely  along  the  lines  of  the  kilowatt-hour,  and  it  has 
occurred  to  me  that  it  might  be  a  wise  proposition  for  this  asso- 
ciation and  the  electric-light  men  to  try  to  guide  that  legisla- 
tion along  the  lines  of  stipulating  a  charge  on  a  lamp-hour  basis, 
so  that  any  new  lamp  of  this  type  can  be  put  out  by  the  central- 
station  men  with  advantage  to  themselves,  which  they  can  give 
to  tlieir  customers  in  such  degree  as  they  see  fit. 

Mr.  a.  C.  Dunham  (Hartford,  Conn.):  I  have  experi- 
mented with  the  tantalum  lamps,  and  I  find  that  the  tests  given 
iu  this  paper  are  practically  correct.     They   burn  a  long  time 


( 
I 


48 


after  the  filament  breaks.  It  has  occurred  to  me  that  the  his- 
tory of  the  osmium  lamp  is  a  curious  history.  Enough  osmium 
could  not  be  found  to  make  a  large  quantity'  of  the  lamps,  and  the 
system  was  adopted  of  putting  the  lamps  on  central  stations  and 
charging  20  cents  a  month  rent.  The  central  station  is  paid 
for  the  power  consumed  by  the  osmium  lamp  at  the  same  rate 
as  for  the  carbon  lamp.  The  lamp  is  returned  and  made  over 
into  a  new  lamp,  and  the  osmium  lamp  goes  on  indefinitely. 
There  is  small  wastage.  I  think  we  must  find  some  way  in  which 
to  get  over  the  sudden  dro|i — if  it  is  sudden — on  the  tantalum 
lamp. 

Mr.  Dudley  Farrand  (Newark,  N.  J.):  We  have  had 
two  of  the  tantalum  lamps.  The  first  showed  an  efficiency  of 
1.99,  which  is  better  than  that  mentioned  by  Dr.  Bell.  That 
lamp,  however,  lasted  only  some  twentj'-odd  hours — a  little  over 
a  day.  The  second  lamp  is  still  burning  and  shows  an  efficiency 
of  1.68.  I  do  not  know  how  long  that  will  burn.  The  com- 
mercial efficiency  is  a  matter  that  will  have  to  be  determined ; 
the  theoretical  efficiency  amounts  to  very  little. 

Mr.  Gilchrist  touched  on  the  question  of  cutting  down  the 
revenue  of  the  central  station  by  using  a  high-efficiency  lamp. 
My  own  opinion  on  that  subject  is  that  it  is  not  going  to  work 
against  the  company's  interest  a  bit.  Every  time  you  double 
the  efficiency  in  your  lamp  you  double  the  plant's  capacity ;  and 
while  higher  efficiency  may  tend  to  increase  the  distribution 
expense,  the  net  result  will  all  be  in  favor  of  the  high-efficiency 
lamp.  I  am  heartily  in  favor  of  it,  and  only  wish  we  could  get 
the  lamps  in  sufficient  quantity  to  supply  our  business  to-day. 
It  will  not  upset  all  our  commercial  calculations.  Business  will 
increase,  upon  the  general  announcement  that  this  lamp  is  com- 
ing into  use.  faster  than  you  can  get  the  lamps  to  put  into 
ser^dce. 

Mr.  W.  H.  Gardiner,  Jr.  (^ Boston):  As  I  remember  the 
figures,  the  introduction  of  the  tantalum  lamp  will  show  a  loss 
of  current  consumption,  owing  to  the  size  of  the  lamp.  22  candle- 
power  over  16  candle-power,  of  only  about  20  per  cent.  The 
gain  in  individual  candle-power  per  lamp  will,  I  think,  be  a  ver>- 
advantageous  thing.  The  i6-cp  lamp  was  introduced  at  a  time 
when  other  illuminants — gas,  for  instance — were  of  a  lower 
candle-pow^er  than  at  present,  and  before  the  extended  introduc- 


tion  of  incandescent  gas  lighting.  Therefore,  the  unit  of 
illumination  in  the  tantalum  lamp  shows  up  approximately  on 
the  same  basis  as  its  competitors.  To-day  \vc  have  25-cp  gas  in 
a  great  many  places,  and  we  also  have  the  incandescent  gas 
lighting,  which  is  very  much  more  brilliant;  consequently,  it 
is  very  usual  that  one  has  to  light  two  16-cp  lamps  in  order 
to  get  the  same  illuminating  effect.  Therefore  I  should  say 
that  we  ought  to  welcome  this  increase  in  the  size  of  the 
lamp,  even  if  accompanied  by  a  slight  decrease  in  current  out- 
put. That  is  only  about  20  per  cent.  I  will  add,  in  this  con- 
nection, that  the  gas  industry  had  a  very  much  larger  decrease 
to  face.  They  had  formerly,  with  gas  at  25  candle-power,  con- 
sumed five  feet  to  the  burner  per  hour,  but  when  the  incandescent 
lamp  came  in  the  consumption  went  down  to  three  feet  and  the 
candle-power  went  up  lo.  say,  50.  That  was  a  very  much  greater 
diflference,  a  greater  drop,  and  some  gas  managers  were  not  very 
quick  to  recognize  the  point,  but  I  think  it  is  now  generally 
accepted  that  it  is  to  the  advantage  of  the  gas  manager  to  use  the 
incandescent  gas  mantie  rather  than  the  open  flame,  in  spite  of 
the  shrinkage  in  consumption  of  40  to  50  per  cent,  I  think  we 
should  welcome  the  tantalum  lamp. 

The  President:  The  next  paper  is  entitled  The  Paramount 
Importance  of  the  Selection  of  Standard  in  Preference  to  Special 
Machinery,  by  Mr.  David  Hal!,  of  Cincinnati, 
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Mr.  Hall  read  the  following  paper: 

THE  PARAMOUNT  IMPORTANCE  OF  THE 
SELECTION  OF  STANDARD  IN  PREFER- 
ENCE TO  SPECIAL  MACHINERY 


The  idea  of  ihis  paper  is  to  call  your  attention  to  the  im- 
portant advantages,  to  both  purchaser  and  manufacturer,  in  the 
use  of  standard,  in  preference  tu  spt'cial,  machinery.  This  is  not 
a  case  in  which  the  mannfacturer  alone  is  benefited;  the  points  of 
advantage  are  niutuaJ.  The  purchaser  in  selecting  standard 
machinery  aids  the  manufacturer  in  pro<Jucing  a  more  efficient 
and  a  more  perfect  machine  at  a  loAvcr  cost. 

The  most  successful  power  plants  must  be  characterized  by 
reliability  and  economy  of  opRTation.  There  must  be  machinery 
sufficient  to  meet  all  emergencies,  and  the  machinery  should  be 
of  as  simple  construction  as  possible,  as  simplicity  is  the  key  to 
reliabdity  and  complications  insure  troubles.  The  experimental 
stages  of  machinery  of  al!  kinds  are  examples  of  how  complicated 
apparatus  can  be  made,  while  its  ultimate  success  depends  upon  the 
eradication  and  simplification  of  tiic  parts  so  that  the  machine  as 
a  whole  is  easily  understood  and  easily  operated.  With  the  advent 
of  a  new  machine,  we  say  "how  complicated" ;  when  the  same 
machine  is  perfected,  we  say  "how  simple."  It  is  therefore  to  the 
advantage  of  the  purchaser  that  machinery  become  standardized. 
If  only  one  machine  is  built  Iron;  each  design,  and  we  have  an 
infinite  nunilK-r  of  designs,  tlie  result  is  an  infinite  number  of 
experiments,  and  it  is  only  after  one  of  these  machines  is  thor- 
oughly tried  and  perfected  that  we  have  a  machine  which  can  be 
called  standard.  However,  if  we  assume  that  no  two  machines 
lliat  are  purchased  arc  to  he  alike,  there  would  be  no  incentive  for 
standardization.  This  paper  refers  to  "standard  machinery"  as 
machinery  that  is  regidarly  listed  for  sale  by  a  reputable  company, 
such  machinery  having  been  built  and  standardized.  The  first 
machine  of  almost  any  description  is  capable  of  being  improved 
upKWi.  Sometimes  the  improvements  suggest  themselves  after  a 
very  short  test,  while  othir  improvements  may  be  made  only  after 
a  long  period  of  operation.  In  fact,  it  may  be  said  that  the 
longer  a  machine  of  a  given  type  is  operated,  the  more  certainly 
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can  the  good  points  be  determined  and  the  more  pronounced  are 
the  bad  features  that  are  to  be  overcome-  Consequently,  it  is 
positive  that  the  purchaser  lias  everything  to  gain,  in  so  far  as 
cpcration  is  concerned,  by  selecting  machinery  that  is  standard  and 
does  not  possess  experimental  features. 

It  is  to  tlie  interest  of  the  purchaser  and  operator  of  every 
machine  to  know  tbat  spare  parts  can  be  readily  obtained,  for  in 
ihe  operation  of  machinery  in  general  there  are  certain  to  be  re- 
quirements for  new  parts,  made  necessary  on  account  of  wear  or 
accident,  and  it  is  usual  that  such  parts  arc  wanted  on  short  notice. 
It  the  machine  is  standard,  such  parts  are  likely  to  be  found  in 
stock,  or,  at  any  rate,  can  be  furnished  quickly.  On  the  other 
hand,  if  the  machine  is  of  special  construction  in  part  or  through- 
out, there  is  great  probability  of  delay,  and  such  delay  may  be  very 
expensive  as  well  as  annoying.  In  fact,  a  long  delay  may  cost 
more  than  the  machine  is  worth. 

In  the  natural  course  of  events  in  the  operation  of  mills,  fac- 
tories, and  power  plants,  changes  of  help  are  continually  taking 
place  and  there  is  no  machine  so  simpk-  that  the  experienced 
operator  can  not  produce  better  results  with  it  than  can  the  in- 
experienced. It  is,  therefore,  of  importance  that  machinery  be 
of  such  a  nature  that  it  can  be  easily  operated,  and  this  point  must 
not  be  overlooked  in  making  machinery  standard.  The  more 
machines  there  are  in  operation  of  a  given  kind,  the  more  men 
there  must  be  who  are  familiar  with  operating  them  and,  conse- 
quently, the  easier  it  must  be  to  obtain  an  experienced  operator, 

Dflivery  of  machinery  is  usually  second  in  importance  only  to 
price,  and  it  is  not  a  rare  occurrence  that  delivery  is  even  more 
important  than  price.  That  standard  machinery  can  be  delivered 
more  quickly  than  special  machinery  needs  no  proof.  At  the  same 
time  it  is  not  always  so  plain  to  the  purchaser  why  a  special 
request  as  to  speed,  exact  output,  or  detail  of  construction  of  a 
machine  may  delay  its  delivery  three  months,  whereas  a  standard 
machine  differing  only  slightly  from  the  specifications  might  have 
been  delivered  immediately.  At  the  same  time  the  standard 
machine  might  meet  the  rcqi:irements  and  do  the  work  as  well  as. 
or  better  than,  the  special  machine.  Change  of  designs,  change 
of  drawings,  new  patterns,  ne\v  tools,  and  new  castings,  are  mat- 
ters that  are  given  little  thought  or  consideration  by  the  purchaser, 
yet  these  are  the  tilings  that  keep  the  non-productive  clement  of  a 
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ago  I  had  occasion  to  write  a  specification  for  a  300-kilowatt 
alternating-current  generator.  25-degree  rise.  Among  the  four 
bidders  there  was  only  one  that  had  the  generator  at  the  required 
speed  and  size,  and  one  of  these  wanted  us  to  accept  the  machine 
at  a  given  atmospheric  temperature  of  25  degrees  centigrade. 
We  received  bids  from  three  or  four  manufacturers,  each  one 
bidding  on  a  different  machine  as  to  size  or  speed.  Within  a 
week  or  two  I  had  occasion  to  ask  for  bids  on  a  half-dozen  30- 
kilowatt  induction  motors,  with  a  speed  of  450  revolutions. 
There  was  not  one  manufacturer  who  could  produce  the  machines 
within  ten  weeks,  because  they  all  said  it  was  special  machinery. 
What  we  want  is  to  have  machines  that  are  not  special,  but  we 
also  want  apparatus  suited  to  our  needs  and  conditions. 

Mr.  H.  T.  H.'VRTM.an*  (  Philadelphia)  :  One  point  brought  out 
in  the  pa]>er  is  the  number  of  different  speeds  that  are  asked  for 
for  one  size  of  generator.  I  think  the  trouble  in  that  respect  is 
largely  due  to  the  fact  that  each  engine  builder  has  his  speed  for 
that  special  output,  anrl  the  purchaser,  if  he  w-ants  a  special  style 
of  engine,  must  specify  the  speed  that  the  engine  builder  calls 
for.  If  the  electrical  manufacturers  were  to  get  together  and 
standardize  their  speeds,  and  at  the  same  time  consult  the  manu- 
facturers of  engines,  a  standard  could  be  arrived  at  that  would 
be  satisfactory  under  almost  all  conditions. 

The  President:  If  there  is  no  further  discussion  on  the 
paper  we  will  proceed  to  the  next  paper,  which  is  on  Insulation 
Testing — Apparatus  and  Methods,  by  Mr.  C,  E.  Skinner,  of 
Pittsburg. 


Mr.  Skinner  presented  the  following  paper: 

INSULATION  TESTING— APPARATUS 
AND    METHODS 


Among  the  tests  which  are  regularly  made  to  determine  the 
quality  of  a  piece  of  electrical  apparatus  is  that  known  as  the 
disruptive  or  dielectric  test  on  the  insulation,  Motlern  practice 
indicates  the  desirability  of  making  these  tests  on  the  materials, 
on  the  parts  of  the  apparatus,  and  on  the  completed  apparatus. 
The  users  of  electrical  machinery  frequently  include  such  tests 
among  those  which  must  be  made  for  the  acceptance  of  the  appa- 
ratus. The  American  Institute  of  Electrical  Engineers  has  rec- 
ommended a  schedule  to  be  followed  in  the  making  of  dielectric 
tests,  this  schedule  setting  the  voltage  limits,  but  not  indicating 
apparatus  and  methods. 

Jt  will  be  the  writer's  endeavor  to  discuss  briefly  the  elements 
that  should  be  considered  in  the  design,  selection  and  use  of  ap- 
paratus for  making  dielectric  tests. 

TESTING   APPARATUS 

By  far  the  greater  part  of  such  tests  are  made  by  means  of  step- 
up  transfomiers.  The  static  machine  nxay  be  employed  to  advan- 
tage in  some  cases,  and  occasional  tests  are  made  by  the  use  of 
direct  current  such  as  may  be  obtained  from  an  arc-light  machine; 
but  as  these  cases  are  special,  they  will  be  omitted  from  the  dis- 
cussion, and  only  testing  apparatus  employing  alternating  cur- 
rent, either  direct  from  the  generator  or  through  step-up  trans- 
formers, will  be  considered.    - 

In  the  tlcsign  and  selection  of  apparatus  for  making  disruptive 
tests  a  number  of  points  must  be  taken  into  consideration,  among 
which  are  the  fallowing: 

(i)   Maxirtmm  testing  voltage. 

(2)  Frequency  of  the  testing  circuit.  ' 

(3)  Static  capacity  of  apparatus  to  be  tested.  ' 

(4)  Variation  of  the  testing  voltage. 

(5)  Measurement  of  the  testing  voltage. 

(6)  Provision  for  locating  faults. 

(7)  Portability  of  testing  apparatus. 
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(8)  Rating  of  testing  transformers. 
The  items  above  will  be  discussed  in  detail  in  the  order  given. 


(l)    MAXIMUM  TESTING  VOLTAGE 

The  maximum  testing  voltage  required  depends  on  the  nature 
of  the  material  or  apparatus  to  be  tested.  For  the  lower  voltage 
apparatus,  the  testing  voltage  is  usually  several  times  the  normal 
rated  voltage  of  the  apparatus.  For  the  higher  voltages,  the  test- 
ing voltage  is  rarely  much  more  than  double  the  normal  rated 
voltage.  In  testing  tnaterials,  almost  any  voltage  or  any  range  of 
voltage  may  be  required,  from  a  few  hundred  volts  to  loo.ooo  or 
150,000  volts.  For  direct-current  street-railway  work,  tests  above 
5000  volts  arc  rarely  required,  and  tests  from  2000  to  2500  volts 
are  n»»re  common  on  fitiished  street-railway  work.  Apparati.s  for 
looo-volt  lighting  service  requires  tests  of  4000  to  10,000  volts.  In 
high-tension  transmission  work  the  test  is  usually  from  one  and  a 
half  to  two  limes  the  normal  rated  voltage  of  the  ap>paratus.  TTie 
highest  c.m.f.  in  use  at  the  present  time  for  long-distance  trans- 
mittkm  work  is  approximately  70,000  volts.  Tests  requiring 
doiibte  this  voltage  arc  not  at  all  uncommon. 

When  the  investigation  of  insulating  materials  is  to  be  under- 
taken, testing  apparatus  giving  any  voltage  up  to  i^jxxi  will  find 
frei)uent  tise,  and  tor  a  complete  understanding  of  the  woric.  occa- 
tional  tests  of  20i>»ooo  to  ^50.000  volts  may  be  ntqnired  on  special 
tMndators  or  combtnations  of  insulatioa  for  the  higher  voltage^ 
service.    Testing  a^iparattis  capable  of  giving  half  a  million  volts 
or  nKwv  is  merciy  a  scicntitk  oniosity  at  the  prescxu  time.    Tests 
of  lOOvOOO  to  150.000  voKs  win  cover  any  cocnoKTCsd  work,  evenj 
to  the  most  exacting  Kne  insulator  tcsts^  and  250JOOO  vtrfts  sfaonlc 
be  sufficient  iW  any  in\vsti$:ation  netrssary  in  conoection  wMi 
CQIMnercial  wvtrk.    .-V  «^-«qutpped  higb-ieasiaB  hixvatory  should 
have  i^ipMnCQS  capable  of  giving  any  CKCtroBMitnre  rorre  from 
few  huwlred  voiis  to  the  conaoKrctal  rmtinwii  Bwiniowed 

TW  foltewMiit  tiMe  glares  «  6sl  o€  —  !■— 1  tcsd^ 
s«Mb)e  for  varkivs  classes  of  «n-vlc,  »ytlK.t  widb  the  cafiJljr  in 
kikMMlts  whkh  wHI  be  f>aftd  saftcxat  ior  nost  work  ior  each 
■mkImimi  vokage.    Special  irarit»  s«il  as  caMe  trsting^  nsy  re- 
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aiimum  Testing 

Voltage 

Capacity  in  Kilowatts 

2,000 

Z 

6,OtX5 

3 

lO.OOO 

5 

30.000 

30 

5o,uou 

SO 

100,000 

100 

150.000 

150 

250,000 

250 

The  above  are  arbitrary  divisions  that  have  been  found  con- 
venient in  practice.  The  ratings  given  are  the  continuous  ratings 
based  on  temperature  rise. 

(2)    FREQUENCY   OF   THE   TESTING   CIRCUIT 

The  frequency  of  the  circuit  on  which  a  testing  transformer 
is  used  determines  in  some  measure  its  size  for  a  given  output^ 
the  tower  the  frequency,  the  larger  the  transformer  required.  A 
more  important  consideration  governing  the  output  for  a  given 
test  follows  from  the  fact  that  the  amount  of  charging  current  to 
a  piece  of  apparatus  considered  as  a  condenser  varies  directly  as 
the  frequency  of  the  testing  circuit.  Consequently,  the  higher  the 
frequency,  the  larger  nnist  be  the  testing  transformer  for  making 
tests  on  apparatus  having  a  given  capacity  m  raicro-farads  and  at 
a  given  voltage.  Furthermore,  the  dielectric  loss  in  insulation  at 
a  stress  approaching  the  disruptive  strength  also  varies  approxi- 
mately as  the  frequency,  requiring  additional  testing  capacity 
■where  this  feature  becomes  a  measurable  factor. 

It  may  be  stated,  therefore,  (1)  that  for  a  given  output,  the 
lower  the  frequency,  the  larger  the  transformer  required,  and  (2) 
that  for  a  given  condition  of  lest  a  larger  output  testing  trans- 
former will  be  required  for  high  than  for  low  freqttencies. 

(5)    STATIC   C.-VPACITY  OF  APPAR.'\TUS  TO   DE  TESTED 

Small  samples  of  insulation  require  but  a  very  small  output 
in  the  testing  transformer,  but  with  large  machinery  or  cables 
a  much  larger  output  is  required,  on  account  of  the  current  neces- 
sary to  charge  the  apparatus  or  cable,  considered  as  a  condenser. 
The  formula  for  the  How  of  current  to  a  condenser  when  a  sine 
wave  electromotive  force  is  applied  to  its  terminal  is  as  follows : 
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/=2irXlO-«X^XCxA^ 
^Vhe^e  /  =  current  in  amperes, 
£  ^  volts, 
C  =  microfarads, 
N  =  cycles  per   second. 


The  charging  current  tlierefore  varies  directly  as  the  frequency, 
directly  as  the  voltage,  and  directly  as  the  static  capacity ;  and  as 
apparent  energy  is  equal  to  current  multiplied  by  voltage,  it  fol- 
lows tliat  the  apparent  output  ot  the  transformer  required  must 
vary  directly  as  the  frequency,  directly  as  the  square  of  the  vdt- 
agc,  and  directly  as  the  static  capacity  (in  micro-farads)  of  the 
aj^ratus  under  test.  Little  or  no  additional  transformer  ca- 
pacity is  required  for  ordinary'  testing  beyond  that  supplying 
charging  current  as  shown  by  the  fornuila  above,  and.  with  the; 
small  additions  noted  below,  tlie  output  of  a  testing  transf 
may  be  based  oo  the  formula  given,  when  the  static  capacity  of 
tlte  apparatus  to  be  tested  is  knou-n. 

There  may  be  slight  PR  losses  in  poor  insulation  due  to  cur- 
rent actually  flowing  through  it.  but  the  amount  will  be  very  small 
and  practically  negligible.  The  dielectric  loss  in  the  insulation  is 
usually  relatively  small  as  cocnpared  with  the  charging  current, 
and  for  all  practical  purposes  it  may  be  left  oat  of  coasideration 
in  the  design  of  testing  transformers- 
Measuring  devices,  such  as  a  direct-reading  t)-pe  voltmeter, 
in  scries  with  a  resistance,  en  very  high-tensioa  circuits  may  take 
a  sufficient  amount  of  power  to  require  consideration.  For  ex- 
ample, an  ordinary-  aliemating-curreni  voltmeter  in  series  n-ith 
the  necessary  mottiplying  resistance  on  a  loo.ooo-rolt,  j^-cyde 
drcnit  win  require  approximately  six  kilowatts  to  opnate  the 
¥Qhnieter  at  full  scale  deflectiaD, 

The  requirement  of  the  Committee  on  StandardiiatiaQ  of  the 
American  Institute  of  Electrical  Engineers  relaiive  to  trans- 
fonner  oQt|Ntt  required  in  dietoctric  tests  is.  ttat  **tbe  soorce  of 
•ketnatittg  ejn.f.  sheold  be  a  transfonner  of  sodi  size  that  the 
dargins  current  of  the  apparatus  as  a  condenser  does  no:  exceed 
2$  per  cent  ol  the  rated  ompat  of  die  tnusionner.'*  This 
rrquirenxnt  seems  to  be  based  on  some  idea  tiat  tfaete  will  be 
an  uadDe  rise  of  poteufcial  in  the  testii^  circuit  unless  the  test- 
ing nansfcnner  oolpnt  is  very  laiige.    Tins  b  mt  borne  oat  in 
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practice,  and  it  is  the  writer's  observation,  confirmed  by  that  of 
others,  that  satisfactory  tests  can  be  made  up  to  the  full  current 
rating  of  the  testing-  transfomier  if  the  testing  voltage  is  measured 
in  the  high-tension  circuit.  Modern  testing  transformers  are  as 
well  designed  as  transformers  for  other  purposes,  and  the  Ameri- 
can  Institute  of  Electrical   Engineers'   requirement   would    fre- 
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quently  necessitate  the  use,  especialiy  in  cable  testing,  of  a  testmg 
transformer  having  an  output  greater  than  is  usually  available  for. 
such  work. 

As  examples  of  the  minimum  capacity  that  could  actually  be 
used,  giving  full  rated  load  to  the  testing  transformer,  the  follow- 
ing may  be  cited :  The  first  5000-hp  generators  for  the  Niagara 
Falls  Power  Company  have  a  capacity  of  approximately  0.3  micro- 
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farad.  The  test  voltage  was  6ocx),  and  the  minimum  testing  ca- 
pacity required  at  a  frequency  of  25  cycles  would  therefore  bcj 
17  kilowatts.  The  5000kw  generators  of  tlie  Interborough  Rapid 
Transit  Cunipau)  have  a  capacity  of  approximately  0.6  micro- 
farad, and  ihe  test  voltage  was  25,000,  requiring,  therefore,  a 
testing  transformer  of  at  least  50-kw  capacity  at  a  frequency  of 
25  cycles.  An  underground  cable  having  a  static  capacity  of  one 
aiicro- farad  and  tested  at  20,000  volts,  60  cycles,  would  require  a 
testing  transformer  of  1 50-kw  capacity.  A  test  at  40,000  volts  on 
the  same  cable  would  require  four  limes  this  capacity,  or  6ookw, 
and  a  test  at  to.ooo  volts  would  require  nine  times  this  capacity, 
or  1350-kw,  as  shown  by  the  formula  given  above. 


(4)    VARIATION   OF  THE   TESTING  VOLTAGE 

TlJere  are  three  principal  methods  of  varying  the  testing  volt- 
«ge  when  making  dielectric  tests.    These  are  as  follows : 

(«i)  ^.v  iMrying  the  Add  of  thr  generator.  This  method 
jissumes  that  xhe  generator  and  the  testing  transformer  may  be 
nsed  as  a  unit.  TUs  method  of  variation  gives  a  considerable 
rta^  of  testing  voltage,  depending  on  the  design  of  the  generator, 
the  amount  of  field  resistance  available,  and  the  relative  amount 
of  charging  current  rrquired  in  the  test.  This  \'ariation  may  usu- 
a^y  he  depended  upon  to  l»e  iToin  50  per  cent  of  the  normal  rated 
vote^ge  of  the  generator  to  a  slight  amoont  above  the  normal  volt- 
Itge.  The  vuriatkM  of  the  testing  vokage  by  the  generator  field 
is  unali&ftiictory  when  the  charging  cmreat  is  large  and  the  field 
cwrent  very  kvw,  foe  the  reason  that  the  cfaargii^  current  passing  ] 
^hitwtgh  the  araiaiure  reacts  on  the  fidd  and  causes  an  unstead] 
cfdkion  of  the  \Tihage.  which  b  very  ondestraUe.  With  this 
excefKkwk.  the  >-ariattoa  of  the  field  of  the  ^lenerator  is  the 
aatUJEactOfy  method  that  can  be  foQowvd,  wklibi  the  limits  gjven 
akove.    This  genenl  pfam  is  shown  diagtammatscaUy  in  Figure  6. 

{k^  By  murtms  ^ m  rtsisiifct  m  stries  rtthtr  wiA  the  frhmary 
m  tf»  Mycmdmy  ^  the  testing  tnmtforwter.  Tins  metbod  assumes  j 
dot  d»  acNarce  of  sapf<v  ts  a  conslMlt-fOicBlid  drcmL  The  ty] 
of  mirtiTC  most  firrqaently  used  consists  of  a  water 
4n  some  Kwm,  aHmoiigli  '"'7  cowcment  tesBttDoe  can  of  coarse 
Vevstd.  Per  wril  ttTting  cafBKttks  das  meAod  is  qmtc  satis- 
fcnefT.  pwtiaabrty  if  smans  acre  at  kaad  for  winMiiig  Ae  test* 


resistance  becomes  either  very  large  if  used  in  the  primary,  or  very 
difficuh  to  buihl  and  insulate  if  used  in  the  secandary.  Water 
resistance  must  be  o{  such  capacity  that  tliere  will  be  comparatively 
little  formation  of  gas  on  the  resistance  plates,  as  this  formation 
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may  cause  mtermittcnt  varialiutis  uf  the  resistance  and  consequent 
undesirable  variations  in  the  testing  circuit.  This  requires  a  large 
capacity  water  rheostat.  The  principal  advantage  of  this  method 
of  control  is  its  cheapness.  Its  disadvantages  are  the  large  size 
of  water  rheostat  required,  the  intermittent  variation  of  voltage 
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apparently  due  to  the  formation  of  gas  from  the  decomposition  of 
the  water,  the  change  of  the  e.m.f.  wave  to  a  more  peaked  form, 
and  variation  of  the  voltage  due  to  the  change  of  resistance  as  the 
vk-ater  becomes  heated  and  evaporates. 

For  goiera!  plan  see  diagram  I-'igure  7,  where  a  water  rheo- 
stat is  ihowu  in  the  primary  circuit  of  the  transformer,  with  a 
further  variation  by  taps  in  the  high-tension  winding. 

In  general,  the  writer  has  found  this  method  far  less  satis- 
factory- than  the  method  about  to  be  described. 

(c)  yariation  by  stcf>s.  A  very  considerable  range  of  testing 
voltage  may  be  obtained  by  bringing  owt  loops  from  the  high- 
tension  side  of  the  testing  transformer,  with  further  combinations 
of  the  low-tension  windings.  This  plan  requires  that  the  testing 
circtnt  l>e  broken  from  step  to  step.  Diagrams  8,  9.  10  and  photo- 
graph. Figure  I.  show  such  .nrraneements  suitable  for  low-voltage 
testing. 

\'cr>'  close  rciiulatioii  oi  the  testing  vc4iage  may  be  obtained 
by  ll»e  use  of  a  scvx>nd  transformer,  which  may  be  called  a  regu- 
lating transformer.  The  regulating  transformer  is  connected  di- 
rect to  the  line  and  has  a  large  number  of  loops  in  its  secondary 
Nvindiitg,  which  arc  coitncctcd  through  suitable  dials  to  the  primary 
of  the  testing  transfomier.  This  transformer  may  be  wound  with 
a  primary  and  secondare',  or  may  be  of  the  attto  type.  A  single 
dial  arrangement  is  shou-n  diagranrniaticaOy  in  Figure  12,  and 
a  phoioinraph  of  a  25-kw  auto-regulating  tiansfbciaer  with  dial  is 
shown  m  Figure  ^  A  doobte  dial  aiiangqueat,  giving  still 
farther  re6ncfneut  as  to  the  gnifdatinn  of  the  \-nJtage,  is  shown 
diagrammatically  in  Figure  13. 

Figure  jt  $}k)ws  photagTaph  of  a  portabk  doable  dial  set  of 
^i|o4iw  ca|iaciiy  at  JOXMO  xxilts,  conplete  with  switcfai.  fuses,  cir- 
ctnt4>reaker,  choke  cvvl  for  bnmiiig  ooi  fHrits.  etc  With  this  ar- 
rat\i:en>ent  it  is  cnstsaarr  to  malK  the  total  range  of  the  small 
«trf  dial  <N)\ul  to  two  $t«f»  of  the  nam  dUL  For  ^nid:  adjnst- 
mnvts  the  »ttun  step  dial  mar  be  set  at  ks  oadAe  point  and  the 
IMI  voltl«E*c  set  apiicoaciiMiely  by  the  hcge  slep  ^UU  final  doae 
WjMWum  btiif  obtained  by  the  snaH  sny 
poMda  Ma«feeii  dMU  stepa  of  05  ptr  cent  aiv 
nAok  cwct  l^«n  o  10  mo  per  ccml  A  km 
ihM  way  W  ob)ectianaUe  la  the  amt  1 1  wtm%  w<Qrk  H 
Ihct  Um  the  «niall  stcf»  dial  nwnt  he  ntf  md  «o  the  ano 
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made  for  conireciiiig  tlie  small  auxiliary  regulating  transformer 
across  any  consecutive  pair  of  taps  in  the  main  regulating  trans- 
former and  then  virying  the  voltage  across  this  pair  of  taps  by 
very  small  gradations. 

As  the  direction  of  the  current  is  reversed  in  tlic  auxiliary 
transformer  with  each  large  step,  a  continuous  increase  or  decrease 
in  the  voltage  of  the  testing  transformer  by  the  smallest  steps 
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without  opening  the  circuit  may  be  eflfected  by  moving  the  auxil- 
iary dial  over  full  range,  then  moving  the  main  dial  one  step,  then 
reversing  the  auxiliary  dial  over  fuSl  range,  etc.  Twenty  points 
on  each  dial  gives  steps  of  one-fourth  of  one  per  cent  from  o  to 
too  per  cent  without  opening  the  circuit.  Figure  4  shows  com- 
plete regulating  transfonncr  with  oil-insulated  dials,  instruments, 
etc.,  and  Figure  5  a  200-kw,  150,000-volt  testing  transformer  used 
in  connection  with  this  regulating  set. 

A  still  further  variation  of  the  voltage  may  be  obtained  in 
most  transformers  by  providing  a  symmetrical  arrangement  of 
the  high-tension  windings,  which  may  be  connected  in  multiple, 
multiple-series,  or  series.  I*"oiir  equal  combinations  will  give  three 
voltages  at  which  the  transformer  may  be  used  at  its  full  rated  ca- 
jxicity.  these  being  25  per  cent.  50  per  cent  and  100  per  cent  of 
the  maximum  rated  voltage. 

(5)     MEASLREMENT    OF    THE    TESTING   VOLT.\GE 

The  following  methods  are  used  for  measuring  the  testing 
voltage: 

(a)  By  ratio.  In  the  lower-voltage  work,  where  the  static 
capacity  of  the  apparatus  to  be  tested  is  small  and  extreme  ac- 
curacy is  not  necessary,  the  simplest  method  is  to  measure  the 
primar\-  voltage  and  multiply  by  the  ratio  of  transformation.  In 
making  a  large  number  of  tests,  as  is  required  in  the  manufacture 
of  electrical  apparatus,  it  is  usually  sufficient  to  connect  the  testing 
set  to  mains  carrying  a  known  difference  of  potential  and  assume 
that  the  results  will  be  sufficiently  close  to  ratio.  This  method 
will  be  found  inaccurate  when  the  electro-.static  capacity  of  the 
apparatus  under  test  is  large,  a  rise  of  the  voltage  in  the  testing^ 
circuit  usually  resulting  when  the  output  of  the  testing  trans- 
former is  sufficient  to  carr>'  the  current  wntbout  serious  drop  in 
voltage.  Even  when  the  voltage  is  measured  directly  in  the  test- 
ing circuit,  a  voltmeter  in  the  loAv-tension  circuit  will  be  found 
a  great  convenience  to  check  the  readings. 

(6)  By  ivltmctcr  readings  in  the  high-toision  circuti.  The 
reading  may  be  taken  across  the  whole  or  only  a  part  of  the  high- 
tension  windings.  Direct-reading  voltmeters  of  the  current-oper- 
ated type  used  in  series  with  a  non-inductive  resistance  may  be 
employed  for  this  purpose.  The  chief  advantage  of  this  method 
is  the  ease  of  calibration,  and  it  has  the  further  advantage  that  the 


to  one  terminal  of  the  voltmeter  to  prevent  the  static  charge  from 
affecting  tlie  needle  ;  and  the  resistance  on  very  high  voUages  con- 
sumes a  large  amount  of  power ;  also,  the  resistance  is  clumsy  and 
difficult  to  insulate. 

A  static  voltmeter  in  the  testing  circuit  is  theoretically  the 
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ideal  method  of  measuring  the  testing  voltage.  Unfortunately,  static 
voltmeters  reading  up  to  the  highest  voltages  required  in  testing 
work  are  not  available.  Instruments  of  this  class  which  the  writer 
has  been  able  to  test  are  either  inaccurate  or  are  so  delicate  in  their 
adjustments  that  they  are  constantly  getting  out  of  order,  also  the 
scale  is  short,  and  the  range  of  reading  is  small.  No  thoroughly 
reliable  instrument  reading  up  to  100,000  volts  under  all  conditions 
of  service  has  as  yet  been  piaced  on  the  market. 

(c)  By  spark  gap  in  the  htgh-tcitsion  circuit.  The  comiiMttee 
of  the  American  Institute  of  Electrical  Engineers  appointed  to 
consider  this  matter  has  recommended  the  determination  of  the 
testing  voltage  for  ajiy  given  piece  of  apparatus  by  the 
use  of  a  spark  gap  in  the  high-tension  circuit,  this  spark  gap 
to  consist  of  sharp  needles,  the  distances  for  various  voltages 
being  given.  This  method  has  many  disadvantages  and  few  ad- 
vantages. The  testing  voltage  cannot  be  determined  until  (he  in- 
stant of  breakdown  of  the  gap,  when  tlie  test  must  he  discon- 
tinued. The  voltage  measurements  are  very  unreliable  unless  espe- 
cially safeguarded  by  an  elaborate  set  of  shields,  and  there  is  much 
controversy  as  to  the  actual  distances  which  represent  given  volt- 
ages. When  used  in  the  testing  circuit  with  very  high  voltages, 
the  disruptive  discharge  caused  by  the  breaking  down  of  the  gap 
may  cause  serious  damage,  either  to  the  testing  transformer  or  to 
the  apparatus  under  test,  due  to  the  momentary  rise  of  potential 
across  the  outer  windings  when  the  spark  gap  breaks  down.  In 
testing  transformers  and  generators  the  spark  gap  should  always 
be  used  in  series  with  a  very  high  resistance  or  a  powerful  choke 
coil 

(rf)  By  special  voltmeter  windings.  In  special  cases  wind- 
ings are  placed  on  the  transformer  in  such  a  way  as  to  give  more 
nearly  the  actual  ratio  of  transformation  that  can  be  obtained  by 
measuring  the  voltage  of  the  primary  circuit.  This  is  really  a 
ratio  method,  and  is  somewhat  more  accurate  than  measurements 
across  the  primary  circuit,  on  account  of  the  position  in  which  the 
winding  is  placed  and  the  freedom  from  drop  due  to  load  which 
is  experienced  in  the  regular  ratio  method. 

{e)  By  voltmeter  transformer.  It  is  possible  to  use  a  step- 
down  transformer  in  the  high-tension  circuit  connected  to  a  volt- 
meter. This  is  a  satisfactory  method  where  the  voltage  is  low 
and  the  output  of  the  testing  transformer  sufficient  to  supply  the 
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voltmeter  transformer  losses,  etc.  It  becomes  a  very  expensive 
method  with  very  high  voltages,  for  the  reason  that  the  vcAt- 
meter  transfonner  is  very  difficult  to  wind  and  insulate  for  such 
small  capacities.  For  a  6o,coo-volt  voltmeter  transformer  the 
mechanical  requirements  are  such  that  the  transfonner  when  built 
will  have  a  capacity  of  15  to  20  kilowatts,  while  the  voltmeter  takes 
only  from  15  to  20  watts.  The  writer  is  familiar  with  voltmeter 
transformers  where  the  losses  in  the  transformer  itself  were  many 
times  the  rated  output  of  the  transformer. 

(6)    PROVISION  FOR  IX>CATING  FAULTS 

In  many  tests  it  is  very  desirable  to  be  able  to  locate  fauUs 
that  occur  under  test.  One  of  the  most  satisfactory  methods  in 
the  testing  of  electrical  machinery  is  to  hold  the  testing  current 
a  sufficient  length  of  time  to  produce  burning  of  the  insulation 
at  the  point  of  fault,  this  being  located  by  the  smoke  which  issues 
from  the  point.  This  is  particularly  true  in  the  testing  of  windings 
of  transformers  and  machines.  For  this  purpose  a  resistance  or 
inductance  in  some  part  of  the  circuit  of  the  testing  apparatus  is 
very  satisfactory.  A  convenient  method  is  to  provide  such  a  re- 
sistance or  inductance  in  parallel  with  a  fuse  or  circuit-breaker 
in  the  primary  of  the  testing  transformer,  this  fuse  or  circuit- 
breaker  being  so  adjusted  that  it  will  carry  the  normal  testing 
current  until  the  fault  occurs,  the  increase  in  current  due  to  the 
breakdown  blowing  the  fuse  or  circuit-breaker  and  thus  throw- 
ing the  resistance  or  inductance  in  series  with  the  transformer. 
The  resistance  can  be  so  adjusted  that  approximately  normal  cur- 
rent will  flow  through  the  high-tension  windings  of  the  trans- 
former, and  when  this  is  done  the  burning  may  continue  for  any 
desired  length  of  time  without  injury  to  any  part  of  the  testing 
apparatus.  In  the  testing  of  cables  it  is  usually  necessary-  to  burn 
out  a  breakdow^n  sufficiently  to  produce  a  low  resistance  fault, 
which  may  then  he  located  by  any  of  the  well  known  methods. 
The  arrangement  of  resistance  and  circuit-breaker  for  burning  out 
faults  is  indicated  in  several  of  the  diagrams  shown. 

(7)    I'ORTAPILITV    OF   TESTING    APPARATUS 

The  portability  of  testing  apparatus  is  entirely  a  matter  of 
convenience  as  required  by  the  work  to  be  done.  In  a  large  fac- 
tory  it   is   desirable  to  have   apparatus   giving   voltages   up  to 
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cation  of  the  voltage  and  the  total  time  of  making  the  test  shoiUd 
be  the  same.  The  method  of  measurement  should  be  the  same. 
The  constants  of  the  testing  circuit — frequency,  wave  form,  etc., 
should  always  be  the  same  for  comparative  purposes. 

For  sheet  material,  metal  terminals  with  the  edges  well 
rounded  to  prevent  concentration  of  electro-static  flux  at  the  sharp 
edges,  should  be  used.  When  the  sheets  are  small  and  the  test 
voltage  low,  circular  terminals  with  an  area  of  approximately  one 
square  inch  with  edges  rounded  to  a  0.25-inch  radius  tangent  to 
the  testing  surface  will  give  good  results.  Many  tests  are  made 
between  terminals  having  spherical  contacts,  0.5-inch  to  one-inch 
hemispheres  turned  on  the  ends  of  rods  being  employed.  For 
irregular  shaped  solids,  such  as  porcelain,  the  conditions  of  service 
should  be  simulated  as  far  as  possible.  For  example,  a  line  in- 
sulator should  have  a  contact  similar  to  that  of  the  line  and  tie 
wires,  and  test  shotild  be  made  to  a  metal  pin,  under  the  assump- 
tion that  the  pin  is  wet  and  therefore  a  conductor;  or  test  may 
be  made  by  inverting  the  insulator  in  a  salt-water  bath  and  filling 
the  pin  hole  with  the  same  solution.  For  liquids,  the  oil  testing 
device  described  in  a  paper  by  the  writer  on  Oil  for  Insuiaiing 
Purposes,  read  before  this  association  last  year,  will  be  found 
satisfactory. 

High  temperatures  may  be  produced  in  insulating  material  by 
the  PR  losses  when  the  material  has  low  insulation  resistance. 
In  materials  such  as  marble  and  slate,  which  may  have  low  msula- 
tion  resistance  due  to  moisture,  the  heat  caused  by  the  PR  losses 
may  dry  the  material  to  such  an  extent  that  the  insulating  quality 
is  increased  as  the  test  proceeds.  With  fibrous  materials  the  re- 
verse is  usually  true,  as  carbonization  takes  place  before  the  dry- 
ing-out process  is  complete. 

In  testing  solids  the  effect  of  heat  due  to  dielectric  losses  is 
an  important  factor  in  the  results,  particularly  when  large  contacts 
arc  used  and  tests  are  long  continued.  For  a  fuller  discussion  of 
this  point,  see  paper  by  the  writer  entitled  Energy  Loss  tn  Com- 
mercial Insulating  Materials  When  Subjected  to  High  Potential 
Stress,  Proceedings  of  the  American  Institute  of  Electrical  En- 
gineers, Vol.  19,  page  1050.  Tlie  heat  generated  weakens  the 
insulation  and  breakdown  results  at  a  lower  voltage  than  when  the 
time  occupied  in  making  the  test  is  short.  This  will  be  found 
particularly  true  of  materials  like  glass,  treated  cloth,  mica.  etc. 
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Most  insulating  materials  in  the  solid  form  decrease  in  insulation 
strength  as  the  temperature  is  raised,  and  therefore  the  tempera- 
ture at  which  tests  are  made  should  be  held  as  nearly  the  same 
for  different  tests  as  possible. 

Aside  from  the  heating  efifecls  noted  above,  the  method  of 
applying  the  voltage  when  testing  samples  of  material  is  not  of 
much  importance,  whether  by  steps,  by  gradual  rise,  or  by  the 
application  of  full  voltage  at  once,  where  the  test  is  a  prede- 
termined amount  and  the  testing  voltage  not  high — say  not  over 
20,000  or  25,000  volts.  It  is  important,  for  purposes  of  com- 
parison, that  the  same  method  be  used  for  different  samples  of 
material  of  the  same  general  class.  As  the  actual  breaking-down 
point  is  desired  in  most  tests  on  material,  the  voltage  nnist  be 
applied  in  predetermined  steps,  or  the  rate  of  increase  must  be 
such  that  voltmeter  readings*  can  be  taken  and  the  exact  point  of 
breakdown  determined.  For  low-voltage  tests  the  step-by-step 
method,  keeping  the  primary  voltage  constant  and  determining 
the  test  voltage  by  ratio,  is  recommended  for  rapid  work.  For 
higher  voltages,  say  above  20,000  or  25,000,  the  slow  increase  of 
voltage,  either  by  steps  without  opening  the  circuit  or  by  smooth 
increments,  as  by  control  of  the  alternator  field,  gives  better 
results.  The  voltage  may  be  read  by  ratio,  or  by  a  static  or  direct- 
reading  voltmeter  in  the  high-tension  circuit.  No  single  test 
should  be  taken  as  an  index  r>f  the  dielectric  strength  of  any  ma- 
terial, but  the  average  and  lowest  of  many  tests  should  be  con- 
sidered. 

In  the  testing  of  dynamos,  motors,  transformers,  cables,  etc., 
the  static  capacity  of  the  apparatus  under  test  becomes  of  more 
importance,  especially  with  the  higher-voltage  tests,  requiring 
larger  testing  apparatus  and  greater  care  in  the  application  of  the 
testing  voltage.  There  will  also  be  greater  tendency  to  variation 
in  the  testing  circuit  due  to  rise  of  potential  on  large  static  ca- 
pacity, drop  due  to  overloaded  transformers,  etc.,  than  with 
samples  of  material,  hence  the  ratio  method  of  measuring  the  volt- 
age is  less  satisfactory  than  in  material  testing. 

Furthermore,  tests  on  finished  apparatus  are  usually  not  made 
to  determine  the  ultimate  breaking-down  strength,  but  to  deter- 
mine whether  or  ncrf  the  insulation  as  a  whole  will  stand  a  certain 
predetermined  test,  allowing  a  factor  of  safety  over  the  working 
voltage,  just  as  a  boiler  is  tested  with  a  certain  excess  pressure 
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for  the  same  reason.  It  is  good  practice  in  manufacturing  work 
to  test  each  part  as  it  is  finished,  as  well  as  the  completed  appa- 
ratus, in  order  that  any  defective  workmanship  or  material  may 
be  discovered  before  the  parts  are  finally  assembled.  The  user 
of  the  apparatus  is  concerned  only  with  the  dielectric  strength 
of  the  apparatus  as  a  whole,  while  the  manufacturer  is  concerned 
with  each  individual  part  as  well  as  the  completed  product.  It 
is  ciistoniary  in  manufacturing  work  to  find  the  ultimate  break- 
down strength  for  each  class  or  type  of  apparatus,  by  actual  break- 
down tests  on  individual  pieces,  this  showing  the  weakest  point 
and  the  necessity  for  any  change  in  material  or  design  if  the  ulti- 
mate strength  is  not  sufficiently  high. 

In  testing  electrical  machinery  during  the  course  of  manu- 
facture it  is  customary  to  grade  the  tests  from  higher  to  lower 
values  as  the  apparatus  ncars  completion.  By  this  method  any 
given  test  is  lower  than  the  preceding,  and  small  variations  in 
the  voltage  of  the  line  supplying  the  testing  circuit  will  not  cause 
any  difficulty. 

Transformers  arc  sometimes  tested  by  their  own  voltage,  this 
giving  a  plan  different  from  any  of  those  described  above  and 
requiring  no  testing  transformer.  In  such  tests,  one  side  of  the 
high-tension  winding  is  connected  to  the  low-tension  and  the 
iron,  and  then  the  transformer  operated  at  a  potential  sufficiently 
above  the  normal  to  give  the  necessary  test  voltage.  The  other 
side  of  the  higli-tcnsion  winding  is  then  connected  in  the  same 
way,  and  the  test  repeated.  Attention  should  be  called  to  the 
fact  that  in  this  test  the  middle  part  of  the  winding  receives  but 
half  the  total  test  voltage  to  ground  and  low-tension  coils,  there 
being  a  uniform  grading  of  test  voltage  along  the  winding  from 
the  middle  point  to  the  outer  ends. 

In  making  dielectric' tests  on  completed  apparatus,  the  condi- 
tion of  the  apparatus  at  the  time  of  test  is  a  point  which  should 
always  be  consideretl  with  reference  to  the  test.  Insulation 
resistance  measurements  usually  give  some  indication  of  the  condi- 
tion of  the  apparatus  with  refe'rence  to  flirt  and  moisture.  A  high 
insulation  resistance  test,  however,  does  not  necessarily  indicate 
that  the  dielectric  strength  will  be  high,  hut  a  low  insulation 
resistance  test  usually  indicates  a  low  dielectric  test,  particularly 
if  the  dielectric  test  is  long  continued. 

Long  continued  tests  on  apparatus  such  as  dynamos  and 


motors  are  considered  very  inadvisable,  unless  the  voltage  of  test  is 
very  much  below  the  ultimate  breaking  dovk^n  strength  and  the 
condition  o£  the  apparatus  with  respect  to  moisture  is  perfect,  as 
s>nch  long  cunlniueU  tests  are  liable  to  produce  incipient  burning 
at  points  within  the  insulation,  which  inay  not  be  discovered  by 
the  test. 

In  the  making  of  insulation  tests  of  all  kinds  the  factor  of 
personal  danger  should  always  be  considered.  The  lowest  maxi- 
mum voltage  given  in  the  table  of  testing  apparatus  earlier  in 
this  paper  is  considerably  more  than  is  necessary  to  cause  death. 
Special  care  should  be  taken  to  protect  not  only  the  operator  but 
others  in  the  neighborho<.>d  of  the  apparatus  under  test.  If  it  is 
necessary  to  handle  the  live  tenninals  at  all,  only  one  should  be 
handled  at  one  time,  and  it  should  be  insulated  beyond  any  possi- 
bility of  breaking  down.  The  low-tensiivn  circuit  and  the  case 
of  the  testing  set  should  be  grounded  whenever  possible.  Where 
a  regulating  transformer  is  used  the  intermediate  circuit  should 
always  be  grounded,  as  well  as  the  frame  and  case  of  the  trans- 
former. ,\s  this  circuit  is  entirely  independent  of  both  the  source 
of  supply  and  the  testing  circuit  it  can  be  grounded  without  affect- 
ing either.  For  this  reason  the  regulating  transformer  with 
primary  and  secondary  is  preferable  to  the  auto  or  single  coil 
transformer,  although  the  latter  is  cheaper  for  a  given  output.  A 
very  excellent  safeguard  for  the  operator  is  effected  by  the  use 
of  a  main  switch  which  is  automatically  opened  and  held  open  by 
a  spring.  With  this  device  the  operator  must  hold  the  switch 
closed  as  long  as  the  test  is  continued. 

Tlie  necessity  for  these  precautions  is  so  obvious  that  it  would 
seem  hardly  necessary  to  call  attention  to  them  here,  but  the  writer 
has  noted  the  indi  (Terence  and  carelessness  customary  with  those 
who  habitually  handle  testing  apparatus  of  this  class,  and  it  is  the 
purp<ise  of  this  paragraph  to  warn  such  that  it  is  hardly  possible 
for  the  same  individual  to  make  more  than  one  mistake. 

DIAGRAMS 
The  following  diagrams  give  a  few  of  the  combinations  of 
generators,  testing  transformers,  regulating  transformer^,  etc., 
which  may  be  made  for  testing  purposes.  These  diagrams  have 
been  drawn  to  show  fiuidamental  principles  rather  than  actual 
details,  but  they  are  all  based  on  testing  apparatus  which  is  in 


fi 


74 


actual  use.  The  general  characteristics  of  each  class  are  outlined 
in  the  note  that  accompanies  each  diagram.  Attention  should  be 
called  to  the  fact  that  many  of  the  minor  details,  such  as  preven- 
tive resistances  for  the  dials,  voltmeter  connections,  etc.,  have 
been  omitted  for  the  sake  of  simplicity.  Where  fuses  are  shown 
hetween  the  main  switch  and  the  testing  transformer  these  are 
considered  a  part  of  the  testing  set.  and  are  used  in  addition  to 
the  main  cut-outs  which  are  usually  supplied  to  any  branch  Hne, 
these  cut-outs  not  being  shown  in  the  diagrams. 
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VolMce  reguUlion  by  field  rhcostal  of  generator.     Ran^e  of  tcitinir  ToltaffC,  from  jo  p«r 
I  below  to  ij  per  cent  above  normal  rated  voltage  of  genci 
er  cent  to  loo  per  cent  of  the  maximom  voliage  of  the  tcatin( 
clfttse*  of  work  and  for  all  capacities  of  testing  transformers. 
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Fig.  7 

Voltage  retrulalion  by  mean*  of  water  rhen«nal  in  iwric*  with  low-tension  windinif. 
Range  of  variation,  frotn  approximately  i^  per  cent  la  io<:>  p-r  cent  oi  the  m«ximutn  voliaee 
of  tettine  transformer.  Suitable  for  general  uie.  with  exceptions  noted  m  text.  This  diagram 
shows  a  (urtticr  variation  ol  the  voltage  by  means  of  laps  Drought  out  from  the  bigh-teflaion 
winding  uf  the  testing  tramformer. 
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Fig,  8 

Voltage  regrtilaiion  by  step*  in  lettinK  circuit.  Circuit  must  be  opened  between  ttept. 
Coil*  not  in  iiiie  disconnected  from  teating:  circuit  by  special  pluK  switch  Resistance  in 
primary  through  which  circuit  is  dosed  to  prevent  kurges.  Suiubie  fur  general  low  voltage 
testing. 


VolUfre  rFroUtion  by  ttep»  In  t«siin(;  circuit.  Twtinr  transformer  in  »erie«  with  iniuUt- 
InE  Iransformer  in  primarr  to  add  mialation  lo  svttem.  OuLpui  may  be  incrcawd  on  tbc 
iomtr  v>>lia<;ri  hf  connecting  liiRli-teniion  windings  in  multiple.  Suitable  for  use  with 
iranilorsnen  whose  individual  insulation  it  not  sufficieai  fnr  ihe  finxl  teatiOE  Yoltagc. 
InsuJaling  (rantformer  requires  bigh  insulation  between  all  coilt. 
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The  President:    Is  there  any  discussion  on  this  paper? 
If  no  one  wishes  to  discuss  the  paper  we  will  adjourn  until 
a  quarter  after  two  o'clock. 
(Adjourned.) 


SECOND  SESSION 

President  Davis  called  the  meeting  to  order  at  half  after 
two  o'clock  and  announced  the  first  paper  on  the  programme  to 
be  that  on  Automatic  Synchronising  of  Generators  and  Rotttries, 
by  Mr.  Paul  MacGahan,  of  Pittsburg. 


Mr.  MacGahati  presented  the  following  paper: 

AUTOMATIC    SYNCHRONIZING    OF    GENERA- 
TORS AND  ROTARIES 
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The  tendency  in  central-station  development  is  to  eliminate 
as  much  as  possible  the  personal  clement  in  operation  ;  to  intro- 
duce labor-saving:  devices  reducing  the  cost  of  operation,  and 
automatic  apparatus  of  every  description  to  minimize  the  amount 
of  attendance  required,  so  as  to  prevent  errors  and  accidents, 
and  to  insure  continuous  operation. 

The  synchronizing  of  generators  or  rotaries  has  been  the 
stumbling  block  in  most  installations;  for  a  good  many  years 
die  incandescent  lamp  method  was  the  only  one  successfully 
employed  to  indicate  when  the  machines  were  ready  to  couple. 
If  the  lamps  were  connected  across  the  main  switch  to  similar 
pliases  the  voltage  across  their  terminals  would  be  a  mintmunr 
when  the  machines  were  in  phase,  and  a  maximum  when  in 
opposition,  thus  indicating  by  their  dark  period  the  proper 
instant  for  throwing  the  switch  in,  and  by  their  flickering  or 
pulsation  the  amount  the  incoming  machine  diflfered  in  frequency 
from  the  "bus-bars.  When  the  lamps  were  cross  connected,  they 
would  indicate  the  proper  instant  when  at  their  maximum  bril- 
liancy. Much  was  left  to  the  judgment  of  the  operator,  for  the 
lamp  did  not  indicate  whether  the  incoming  machine  was  too 
fast  or  too  slow,  the  illumination  was  a  function  of  the  voltage 
as  well  as  the  phase  and,  moreover,  the  darkness  of  the  lamps 
embraced  a  very  large  angle  of  phase  difference,  It  was  nec- 
essary to  estimate  half  the  time  of  the  dark  period,  and  this 
was  difficult  to  do,  as  incandescent  lamps  have  a  period  of  their 
own.  requiring  an  appreciable  time  to  heat  up  and  cool  oflF. 
Many  will  remember  the  time,  and  the  careful,  patient  manipu- 
lation required  to  synchronize  by  means  of  lamps. 

The  first  improvement  in  methods  of  synchronizing  was  the 
introduction  of  the  "synchroscope,"  an  instrument  that  rotated 
a  pointer  in  synchronism  with  the  difference  in  speeds  of  the 
machines;  this  instrument  has  the  widest  general  application 
to-day,  for  it  gives  perfect  indications  of  the  phase  relation 
between  the  machines  at  any  instant,  and  whether  the  machine 
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coming  in  is  too  slow  or  too  fast.     It  does  not,  however,  makel 
an  allowance  for  the  time  required  to  close  the  coupling  switch. 

The  electrically-operated  switches  generally  used  for  high- 
tension  work,  and  sometimes  even  for  low-tension  work,  require 
a  certain  definite  time  to  close  after  the  closing  current  is  estab- 
lished. This  time  varies  for  different  kinds  of  switches,  and 
the  operator  has  to  make  an  allowance  for  it  in  synchronizing, 
and  must  close  the  tripping  contact  in  advance  of  the  actual 
instant  of  coincidence  of  phase,  to  connect  the  machines  in  a 
safe  and  satisfactory  manner.  Moreover,  he  has  to  take  into 
consideration  the  speed  at  which  the  synchroscope  pointer  is 
approaching  the  zero  point,  and  make  a  greater  angular  allowance 
on  the  dial,  when  the  speed  is  greater.  He  has  to  judge  what 
difference  in  speed  gives  a  safe  coupling,  and,  as  a  usual  rule,  will 
wait  until  he  gets  the  pointer  practically  stationary  before  throw- 
ing the  switch  in.  Given  a  variable  speed,  or  sudden  surgjes 
in  the  power  in  addition  to  the  above  variable  elements,  the 
operator  has  to  contend  with  a  combination  of  circumstances, 
that  prevent  the  synchronization  being  made  quickly  and  which 
require  a  man  of  judgment  to  control  properly. 

Thus  it  will  be  seen  that  if  a  device  coiUd  be  designed  that 
would  automatically  respond  to  the  above  variables,  and  close 
the  circuit  at  the  proper  instant  in  a  safe  and  positive  manner, 
the  skilled  operator  could  be  dispensed  with,  and  the  coupling 
could  be  done  in  much  less  time. 

A  successful  automatic  synchronizer  should  fulfill  the  fol- 
lowing conditions : 

(i)   It  should  be  certain  and  safe  in  its  operation. 

(2^  It  should  take  advantage  of  the  first  favorable  oppor- 
tunity for  coupling. 

(3)  It  should  couple  the  machines  as  soon  as  the  difference 
in  speeds  is  reduced  to  a  safe  amount. 

(4)  It  should  close  the  contact  in  advance  of  the  period  •f 
coincidence  a  sufficient  amount  for  the  switch  to  act,  thus 
coupling  the  machines  at  the  exact  point  of  synchronism.  The 
greater  the  difference  in  speed,  the  greater  should  be  this 
advance  in  angle,  in  order  to  make  the  time  allowed  constant. 
As  diflferent  kinds  of  switches  require  different  lengths  of  time 
to  close,  the  amount  of  advance  should  be  adjustable. 

(^5)  It  should  prevent  the  coupling  taking  place  if  the  speed, 
of  the  incoming  machine  differs  too  nuich. 


8» 


(6)  If  anything  in  the  mechanism  fails,  it  should  prevent 
the  coupling. 

(7)  It  should  not  close  the  contact  when  the  machines  differ 
seriously  in  their  voltage,  even  though  in  phase.  Although  a 
fairly  wide  difference  in  voltage  is  permissible  in  synchronizing, 
and  will  not  cause  as  great  a  rush  of  current  as  a  wide  differ- 
ence in  phase  or  speed,  it  should  be  nevertheless  guarded  against. 
A  difference  in  voltage  of  25  per  cent  may  cause  a  serious  inter- 
change of  current  between  the  machines;  a  difference  of  phase 
of  15  degrees  will  generally  cause  more. 

There  have  been  many  attempts  in  the  past  to  devise  a  satis- 
factory automatic  synchronizer,  but  none  of  them  heretofore 
have  been  successful,  as  the  apparatus  did  not  fulfill  all  of  the 
above  conditions. 

One  of  the  best  known  of  the  early  attempts  at  automatic 
synchronizing  was  the  Pearson  synchronizer.  This  device  con- 
sisted of  two  controlling  magnets  mounted  in  the  same  case, 
each  magnet  serving  to  close  a  contact-  The  two  contacts  were 
connected  in  series  with  the  closing  coil  of  an  electrically-oper- 
ated switch;  the  magnet  coils  being  connected  in  parallel,  and 
connected  to  the  incoming  machine  and  'bus-bars  in  tlie  same 
manner  as  mcandescent  lamps  are  connected  in  synchronizing. 
One  of  the  magnets  was  provided  with  a  movable  iron  core, 
retarded  in  its  motion  by  a  dash-p^Dt,  thus  requiring  an  appreci- 
able length  of  time  to  make  contact,  and  operated  to  select  a 
wave,  or  "dark  period"  of  the  lamps  of  sufficient  length  to  give 
the  main  switch  time  to  act  and  still  render  coupling  safe.  The 
other  magnet  had  a  free,  or  instantaneous  action,  adjusted  to 
close  its  contact  only  when  the  voltage  across  the  synchronizer 
coils  corresponded  to  a  coincidence  of  the  phases.  Thus  in  action, 
the  magnet  with  the  time  element  would  close  its  contact  when 
the  difference  in  speed  was  small  enough  and  the  other  magnet 
would  complete  the  switch-closing  circuit  when  the  machines 
were  in  exact  synchronism. 

It  will  be  seen  from  the  above  description  that  the  device 

does  not  fulfill  all  of  the  conditions  enumerated  ;  it  makes  no 

allowance  whatever  for  the  length  of  lime  required  by  the  switch 

lo  act;  it  is  true  that  the  quick-acting  contact  may  be  adjusted 

to  operate  at  a  voltage  corresponding  to  a  slight  difference  in 

(ihase  so  as  to  make  contact  ahead  of  time,  but  this  would  mean 
(1 
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that  it  could  make  contact  the  same  length  of  time  too  late;  if 
the  speed  suddenly  changes  after  the  slow  solenoid  has  closed 
its  contact,  there  is  danger  of  the  second  contact  closing. 
Besides,  the  angular  advance  of  the  contact  would  not  vary  with 
differences  in  spteeds,  thus  coupling  the  machines  at  too  early 
a  period  when  they  apf.Toxi mated  in  frequency,  and  too  late 
when  they  differed  considerably,  for  the  switch  requires  a  con- 
stant time  to  close.  These  defects  alone  were  sufficient  to  cause 
accidents  in  operation,  except  under  particularly  favorable  cir- 
cumstances, and  thus  rendered  the  device  commercially  a  failure 
However,  the  inventor  deserves  great  credit  for  taking  the  first 
step  in  automatic  synchronization,  and  pointing  out  the  advan- 
tages that  would  accrue  with  a  device  that  would  infalliby  do 
the  work. 

The  latest  development  in  automatic  synchronizing  is  a 
new  device  perfected  very  recently  by  the  Westinghouse  Elec- 
tric and  Manufacturing  Company,  which  seems  to  fulfill  all  the 
eight  conditions  above  enumerated  in  a  highly  satisfactory  man- 
ner. It  differs  entirely  in  its  operation  from  the  Pearson  syn- 
chronizer, which  was  described  quite  fully  so  as  to  accentuate  the 
features  necessary  for  a  successful  synchronizer,  as  well  as  to 
throw  a  light  on  early  progress.  This  new  synchronizer,  which 
is  clearly  shown  in  the  illustration  (figure  i)  consists  of  a  pair 
of  solenoids,  each  actuating  a  laminated  iron  core,  supp>orted 
from  opposite  ends  of  a  rocker  arm.  Each  solenoid  is  wound 
in  eight  separate  sections,  alternate  sections  being  connected  in 
series,  thus  forming  two  circtiits  in  each  solenoid ;  one  cirant 
of  each  solenoid  is  connected  in  series  with  a  circuit  of  the 
other  solenoid,  thus  forming  two  independent  circuits  in  the 
instrument,  each  circuit  having  half  of  its  turns  on  each  solenoid 
(see  figure  2)  :  one  circuit  is  connected  to  3  pair  of  binding 
posts  deriving  current  from  the  'bus-bars,  and  the  other  circuit 
to  binding  posts  connected  to  the  incoming  machine.  The 
connections  of  the  various  sections  are  so  made  that  when  the 
incoming  machine  is  in  phase  with  the  'bus-bars,  the  currents 
in  the  right-hand  solenoid  (figure  O  act  in  conjunction,  thus 
pulling  down  the  core,  and  the  currents  in  the  left-hand  solenoid 
neutralize  or  cancel  each  other  magnetically,  and  produce  no 
pull.  On  the  other  hand,  when  the  machine  is  in  opposition  to 
the  'bus-bars,  the  currents  in  the  right-hand  solenoid  neutralize. 
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and  the  left-hand  solenoid  exerts  a  pull,  its  currents  acting  in 
conjunction. 

The  cores  are  suspended  so  as  to  reach  the  magnetic  neutral 
of  the  coils  at  their  extreme  down  stroke ;  thus,  when  the 
machines  differ  in  speed,  the  horizontal  beam  rocks  to  and  fro, 
with  a  harmonic  motion.  As  the  incoming  machine  approaches 
the  frequency  of  the  'bus-bars,  the  motion  becomes  slower,  and 
finally  ceases  when  the  machines  are  at  the  same  frequency;  if 


Fig.  I — Auro-Sv.NCHRONiZER  with  Cover  Re.moved 

the  machines  arc  in  phase  the  right-hand  core  will  stop  at  its 
lowest  position,  unless  the  voltages  differ  considerably,  when 
the  currents  will  not  neutralize,  and  the  core  will  not  be  able 
to  reach  its  extreme  stroke.  The  left  end  of  the  rocker  arm 
carries  a  contact  spring,  marked  A  in  figure  3,  which  slides  along 
the  top  of  a  fiibre  segment  B.  This  segment  has  a  platinum  strip 
C  on  the  top,  which  in  conjunction  with  the  stationary  spring 
D  forms  the  contacts  of  the  relay  circuit.  The  springs  and 
contact  are  of  such  length  that  when  the  segment  is  stationary 
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contact  can  only  be  made  when  the  right-hand  core  has  reached 
its  extreme  position. 

The  vital  characteristic  of  this  instrument — the  one  that 
makes  it  successfully  cover  the  requirements  given  for  auto- 
matic synchronizing  not  heretofore  met — is  the  peculiar  motion 
imp-arted  to  the  contact  segment.  Instead  of  being  stationary, 
it  is  pivoted  on  a  shaft  concentric  with  the  rocker-arm  shaft, 
which  latter  on  its  left  half  carries  the  chamber  of  a  dash-pot. 
the  motion  of  whose  piston  is  opposed  by  a  spiral  spring,  in  the 
manner  shown  in  figure  3. 

When  the  left  end  of  the  rocker  arm  rises,  it  tends  to 
lift  the  piston  of  the  dash-pot  and  elongate  the  spring  E.  Upon 
the  rettim  stroke  a  valve  in  the  dash-pot  opens,  allowing  a  quick 
return  motion. 

The  piston   rod  of  the  dash-pot  carries  an  arm  F.  which 
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Fig.  2— Schematic  Diagram  ok  Internal  Connections 


is  so  attached  to  the  contact  segment  as  to  shift  the  latter  to 
the  left,  thus  advancing  the  position  of  the  contact  when  the 
rocker  arm  moves  up  with  a  sufficient  speed  to  draw  up  the  dash- 
yot  piston.  The  slower  the  motion  of  the  rocker  arm,  the  less 
the  piston  of  the  dash-pot  is  raised,  and  consequently,  the  less 
the  contact  segment  is  advanced. 

It  will  be  noted  from  fi^^ure  3  that  the  arm  F  does  not  act 
directly  on  the  segment,  but  operates  a  brass  fork  G  between 
the  prongs  of  which  is  a  pin  H ,  which  is  screwed  into  the  con- 
tact segment.  There  is  a  spiral  spring  K  between  the  contact 
segment  and  the  fork  which  tends  to  keep  the  pin  against  the 
right  prong  of  the  fork.  The  pin  has  thus  about  one-eighth  of 
an  inch  of  play,  the  purpose  of  which  will  be  apparent  later. 

Turning  our  attention  to  the  right-hand,  or  stationary,  con- 
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lact  spring,  it  is  seen  in  figure  3,  that  tliis  spring  carries  a  cam 
L,  the  inclined  edge  of  which  is  met  by  the  pin  M  upon  the 
return  stroke  of  the  contact  segnitnt.  This  stationary  contact 
spring  is  of  such  strength  that  the  pin  M  can  not  raise  the 
inclined  edge  of  the  cam,  for  the  contact  segment  is  being  actu- 
ated through  the  weaker  spring  K.  Thus  upon  its  return  stroke, 
the  contact  segment  is  delayed  for  an  instant,  until  the  left 
prong  of  the  fork  G  touches  the  pin  H  and  thus  forces  up  the 
cam.  As  soon  as  the  pin  M  reaches  the  end  of  the  inclined  plane, 
the  contact  segment  is  free,  and  is  snappied  over  by  the  spring  A'. 
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Fir..  3 — Contact  Mechanism 

The  purpose  of  this  action  will  be  apparent  later.  It  will  be 
noticed  in  figure  3.  that  the  position  of  the  stationary  or  right- 
hand  contact  spring  can  be  varied.  This,  in  conjunction  with 
the  adjustment  of  the  spring  E.  is  for  the  purpose  of  adjusting 
the  diflFerence  in  speed  of  the  incoming  machine  at  which  the 
synchronizer  will  couple.  Thus,  when  the  difference  in  speed 
is  too  great  to  allow  safe  coupling,  the  dash-pot  piston  will 
advance  the  contact  segment  sufficiently  to  drop  the  stationary 
spring  away  from  the  contact  plate  and  down  upon  the  insulated 
portion  of  the  contact  segment  N,  thus  preventing  the  contact 
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from  being  closer!  when  the  right-hand  core  comes  down.  The 
retarded  motion  of  the  contact  segment  prevents  contact  being 
made  as  the  right-hand  core  rises,  allowing  time  for  the  left 
contact  spring  A  to  get  out  of  the  way. 

The  above  descriptions  of  the  actions  of  the  various  parts 
may  seem  very  complicated,  but  it  must  be  remembered  that  the 
instrument  has  a  very  complex  function  to  perform.  Indeed, 
an  observer  of  its  action  in  actual  service  said  that  it  acted  in 
a  manner  almost  human.  It  is,  in  fact,  more  reliable,  quicker. 
and  couples  the  machines  with  less  surge  of  current  than  can  Ijc 
done  by  tlie  most  skillful  operator.  Considering  this  fact,  it 
seems  surprising  that  ihe  proper  action  can  be  obtained  with 
such  a  small  number  of  parts.  To  better  understand  the  opera- 
tion, let  us  follow  it  in  the  act  of  synchronizing. 

As  Ihe  voltage  of  the  incoming  machine  builds  up  and  it 
approaches  the  approximate  frequency  of  the  'bus-bars,  the 
rocker  ami  oscillates  violently,  the  dash-pot  piston  advancing 
the  contact  segment  so  far  that  no  contact  is  possible,  no  contact 
being  possible  on  the  return  stroke.  As  the  speed  of  the  incom- 
ing machine  increases,  the  rocking  becomes  slower,  and  the  dash- 
pot  piston  advances  the  contact  segment  less,  until  finally  the 
right  contact  spring  no  longer  drops  away  from  the  contact, 
and  as  the  riglit-hand  core  descends  the  left-hand  contact  spring 
advances  to  meet  the  contact,  tJius  energizing  the  auxiJiary  relay 
in  figure  4,  which  operates  the  switch-closing  circuit  just  suffi- 
ciently ahead  of  the  point  of  coincidence  of  the  phases,  so  that 
actual  coupling  takes  place  at  the  exact  instant  of  synchronism. 
If  the  machine  approaches  the  point  of  synchronism  more  slowly. 
there  is  less  advance  of  the  contact  segment,  and  the  actual  time 
allowed  for  the  switch  to  act  is  the  same  as  before.  In  the 
extreme  condition,  when  the  machine  is  coming  in  very  slowly, 
there  is  no  appreciable  advance  of  the  contact  segment,  the 
dash-pot  having  time  to  exhaust.  The  amount  of  the  advance 
of  the  segment  can  be  adjusted  to  suit  switches  having  different 
times  of  closing,  by  varying  the  tension  of  the  spring  E. 

As  pointed  out  before,  the  cores  can  not  attain  their  extreme 
position  and  therefore  the  contacts  can  not  be  closed  if  the  volt- 
age is  too  far  out  for  safe  coupling. 

The  auxiliary  reiay  takes  very  little  energy,  so  there  is  not 
enough  sparking  on  the  platinum  contacts  of  the  synchronizer 
to  burn  them. 
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Fic.    4— Diagram   of   Connections  of  a   Rotary   Converter    EQurrrED 
WITH  AN  Automatic  Synciikosizer 
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Figure  4  is  a  complete  wiring  diagram  of  a  rotary  trans- 
former equipped  with  the  automatic  synchronizer;  by  means 
of  proper  synchronizing  plugs  such  as  are  used  for  either  the 
lamp  method  or  the  indicating  synchroscope,  one  automatic  syn- 
chronizer can  take  care  of  any  number  of  machines. 

A  controlling  switch,  such  as  used  with  oil  circuit-breakers, 
is  interposed  in  circuit  with  the  synchronizer  and  electrically- 
operated  switch.  By  means  of  the  controlling  switch,  the  main 
or  electrically-operated  switch  or  oil  circuit-breaker  may  be 
trij^ped,  but  can  not  be  closed,  as  the  closing  coil  is  normally 
out  of  circuit  until  the  synchronizer  completes  the  contact. 

An  automatic  synchronizer  would  be  particularly  desirable  in 
the  operation  of  large  electric  railway  systems.  When  accidents 
occur  which  entirely  shut-down  one  or  all  substations,  it  is 
cxceedingls'  important  to  be  able  to  start  up  with  the  least  pos-^ 
sible  delay,  and  there  has  been  considerable  discussion  lately 
to  the  best  means  of  starting  up  the  rotaries.  If  they  are  started 
directly  from  the  alternating-current  side,  a  small  number  onl\ 
can  be  started  at  once,  otherwise  there  will  be  too  much  induc- 
tive load  on  the  generating  station.  This  method,  therefore, 
requires  considerable  time.  Starting  from  the  direct-current 
side,  presupposes  the  presence  of  direct-current  power,  and 
necessitates  a  preliminary  adjustment  of  the  rheostats.  How- 
ever, if  alternating-current  starting  motors  are  used,  and  an 
automatic  synchronizer  is  installed  for  each  rotary,  in  order  to 
start  the  substations  it  would  only  be  necessary  to  throw  in 
all  the  starting  motors  as  quickly  as  possible,  and  leave  the  rest 
to  the  automatic  sjTJchronizers,  no  further  attention  being  nec- 
essary. 

The  first  of  these  synchronizers  has  been  in  actual  opera- 
tion at  the  main  station  of  the  Pittsburg.  McKeesport  and  Con- 
nellsville  Street  Railway  for  several  months  successfully,  and 
there  are  others  in  successful  operation  at  the  substations  of  the 
New  York  Edison  Company,  the  Manhattan  Elevated  Railway 
Company,  and  the  Brooklyn  Rapid  Transit  Company. 

They  are  thus  no  longer  an  experimental  device,  but  an 
assured  success,  and  a  great  advance  in  the  handling  of  alter- 
nating-current generators  and  rotaries. 
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The  President:  This  paper  is  now  open  for  discussion. 
Does  any  gentleman  wish  to  make  any  remarks  on  the  paper  just 
read?  If  not,  we  will  proceed  to  the  next  paper  on  the  pro- 
gramme, which  is  entitled  Notes  on  Rotary  Converters  and 
Motor-Generators  for  Lighting  and  Power  Systems,  by  Mr. 
Louis  E.  Bogen,  of  Cincinnati. 


The  following  paper  was  read  by  Mr.  Bogen: 

NOTES  ON    ROTARY  CONVERTERS   AND 
MOTOR-GENERATORS 


A  noted  statesman  has  said,  "The  progress  of  a  country 
depends  upon  its  roads.'"  The  steam  road  and  the  wagon  road 
have  been  mutually  helpful  in  bringing  the  country  into  the 
town,  but  it  has  remained  for  the  electric  road  to  broaden  out 
the  town  to  occupy  the  country,  taking  progress  and  a  demand 
for  "more  light"  with  it.  It  is  no  longer  found  necessary  to 
have  manufactories  in  the  very  heart  of  a  city,  since  employees 
can  readily  go  to  them  from  all  directions.  This  has  changed 
our  systems  of  distribution  of  electrical  energy,  and  will  con- 
tinue to  do  so.  The  old  i  lo-volt  direct-current  and  the  later 
220volt  three-wire  system  find  themselves  supplying  only  the 
very  thickly  settled  portions  of  an  old  community,  and  they  are 
very  hard  pressed  at  that,  judging  from  the  ever-increasing 
demand  for  machines  capable  of  operating  from  230  to  320  volts 
and  more. 

It  has  been  the  writer's  privilege,  in  making  estimates  upon 
inquiries  for  electrical  machinery  for  the  past  several  years,  to 
note  the  development  of  central  systems  of  distribution.  .A.n  in- 
quiry for  a  500-kilowatt,  120-volt  generator  is  now  a  rarity.  For 
240  volts  there  is  naturally  still  a  call  for  machines  as  large  as 
2500  kilowatts.  But  we  find  that  when  a  demand  for  an  increase 
in  power  occurs,  the  want  is  more  and  more  frequently  being 
supplied  by  installing  alternators,  in  anticipation  of  the  demand 
for  power  and  light  at  greater  distances  from  the  station, 
together  with  means  for  tiding  over  the  wants  nearer  the  sta- 
tion. It  is  not  at  all  intended  here  to  convey  the  idea  that  the 
use  of  direct  current  is  already  obsolete,  but  that,  because  of  the 
necessity  of  distributing  over  a  much  greater  area,  it  will  be 
restricted  to  its  own  peculiar  field  of  local  distribution  over  a 
limited  area. 

This  brings  us,  then,  immediately  to  the  consideration  of 
means  for  the  conversion  of  alternating  into  direct  current,  as 
well  as  the  reverse. 
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In  this  country  the  rotary  converter  and  motor-generator 
stand  out  as  the  means  of  accomplishing  the  transformation  of 
energy  here  referred  to,  although  we  can  not  ignore  the  recti- 
fier, nor  can  we  refrain  from  expressing  our  admiration  of  that 
ingenious  device,  the  Cooper  Hewitt  vapor  rectifier.  Since  the 
question  often  arises  as  to  whether  to  install  rotary  converters 
or  motor-generators,  it  may  be  interesting  to  consider  some  of 
the  characteristics  of  each. 

Rotaries 

In  the  design  of  electro-dynamic  machinery,  the  speed  is  a 
very  important  item.  For  a  unit  of  given  output  the  greater  the 
speed  the  less  the  cost,  up  to  a  certain  limit,  beyond  which  there 
is  again  a  very  sharp  increase.  There  is,  therefore,  a  reasonable 
speed  for  any  machine  of  a  given  rating.  In  alternating-current 
machinery  there  is  an  additional  limitation  fixed  by  the  adop- 
tion of  the  standard  frequencies  of  25  and  60  cycles. 

For  25  cycles  we  find  the  possible  synchronous  speeds  chang- 
ing by  large  i>ercentages.  This,  together  with  the  fact  that  at 
rcas<:»nable  speeds  the  number  of  i>oles  of  a  25-cycle  rotary  is 
limited,  makes  it  best  adapted  to  the  higher  e.m.f's.,  because 
the  current  per  stud  will  not  be  excessive.  The  25-cycle  rotary 
is  an  excellent  device  for  railway  circuits  as  well  as  for  240 
volts.  At  120  volts  it  would  have  to  be  operated  at  a  compara- 
tively slow  speed  to  have  a  commutator  of  reasonable  size. 

On  the  other  hand,  the  60-cycle  rotary,  by  virtue  of  its 
greater  number  of  poles,  is  better  adapted  to  lower  than  to  higher 
voltages.  In  fact,  the  design  of  a  60-cycIe  rotary  is  limiterJ  to 
such  a  narrow  choice  of  dimensions  as  to  be  almost  fixed.  We 
all  know  what  it  means  to  run  a  commutator  at  4500  feet  per 
minute  and  upward.  The  brushes  can  not  help  chattering.  This 
jumping  of  the  brushes  is  always  attended  by  slight  sparking, 
due  to  the  breaking  of  the  current,  and  should  the  change  in 
load  be  large  enough  and  the  voltage  high  enough,  there  will 
be  flashing  over  from  stud  to  stud.  This  is  especially  so  because 
the  distance  between  studs,  as  well  as  the  thickness  of  a  commu- 
tator bar,  are  both  very  small,  even  with  the  high  peripheral 
speeds  used  on  the  conunutators.  Si.xty-cyde  rotaries  are,  there- 
fore, good  for  125  volts,  passable  at  240  volts,  but  are  to  be 
avoided  on  high-voltage  power  and  railway  circuits,  where  big 
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simplest  and  best  method  being  to  start  the  machine  as  a  direct- 
current  motor  from  the  *bus-bars,  using  an  ordinary  starting 
box,  changing  the  field  strength  by  means  of  a  field  regulator 
until  synchronous  speed  is  reached,  when  the  machine  may  be 
thrown  on  the  alternating-current  lines.  Certainly  it  can  also 
be  run  to  a  point  above  synchronism  and  then  allowed  to  fall 
back  to  synchronous  speed,  the  direct-current  armature  circuit 
having  been,  meanwhile,  disconnected  from  the  direct-current 
line  and,  when  synchronism  is  reached,  the  alternating-current 
side  is  thrown  on  to  the  lines.  This  is  merely  a  modification.  A 
simple  and  convenient  method  is  to  start  the  machine  by  means 
of  either  a  direct-connected  or  geared  induction  motor  having 
a  higher  synchronous  speed,  bringing  the  machine  up  to  or 
above  synchronism,  then  connecting  it  to  the  lines  at  the  proper 
time.  Another  method  of  starting  up  from  the  alternating- 
current  side  is  to  throw  the  machine  on  about  one-half  of  the 
line  voltage  by  means  of  choke  coils  or  taps  in  the  transformers 
or  an  ordinary  induction  motor  compensator.  In  starting  up  in 
this  manner,  the  immense  number  of  turns  on  the  shimt  fields 
form  the  secondary  of  a  transformer  of  which  the  armature, 
when  at  rest,  is  the  primary.  A  very  large  voltage  is  thus 
induced  in  the  shunt  fields,  and  for  farge  machines  it  is  neces- 
sary to  divide  the  field  winding  into  a  number  of  sections.  This 
is  done  conveniently  by  the  so-called  "break-up  switch."  A 
machine  will  sometimes  "lock'*  at  half  voltage  when  so  started. 
Closing  or  opening  the  field  circuit  will  usually  remedy  this 
difficulty,  because  it  changes  the  conditions  of  operation.  In 
small  plants  it  may  be  possible  to  start  up  the  rotaries  with  the 
generators  from  a  standstill,  leaving  them  right  on  the  lines. 

In  starting  up  from  the  alternating-current  side,  the  polarity 
may  be  cither  normal  or  reversed.  This  may  be  obviated  by 
noting  the  action  of  a  direct-current  voltmeter  connected  to  the 
armature.  As  the  armature  approaches  synchronism  so  that  the 
frequency  is  low  enough  to  aflFect  the  voltmeter,  the  needle  of 
the  latter  will  swing  violently,  first  in  one  direction  and  then  in 
the  other,  and  finally  come  to  a  position  indicating  either  a  posi- 
tive or  negative  direction  of  current,  showing  that  the  polarity 
is  normal  or  reversed.  An  interesting  experiment  was  recently 
made  on  a  rotary  running  from  half  the  normal  alternating- 
current  voltage.    The  break-up  switch  was  so  arranged  that  the 
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fields  were  short-circuited  in  pairs  of  twos.  To  ascertain  whether 
or  not  the  machine  was  in  synchronism,  a  disc  was  attached  to 
the  shaft,  this  disc  being  divided  into  eight  alternate  black  and 
white  sectors  to  correspond  to  the  number  of  poles  of  the  rotary. 
An  arc  light  a  short  distance  from  the  disc  was  operated  from  tlie 
same  source  of  alternating  current.  When  the  disc  apparently 
became  stationary,  the  machine  had  reached  synchronism.  When 
synchronous  speed  was  reached,  the  fields  were  thrown  across 
the  armature,  and  if  the  machine  was  of  the  proper  polarity 
nothing  f  iirtlier  was  necessary :  but  if  it  came  up  in  the  reverse 
cUrection,  by  reversing  the  field  connections  by  means  of  a  double 
throw  switch,  the  armature  was  found  to  drop  out  of  step  and 
fall  back,  one-half  the  pole  pitch  remaining  steady  at  this  point 
and  running  at  synchronous  speed.  Under  these  conditions, 
the  direct-current  voltage  came  down  very  close  to  zero.  The 
fact  that  the  machine  had  not  dropped  back  one  complete  pole 
was  ascertained  by  measuring,  by  means  of  small  copper  wires, 
the  voltage  from  one  brush  to  a  point  half-way  between  two 
brush  studs.  This  was  found  to  be  250  volts.  The  direct-cur- 
rent brushes  sparked  badly  and  the  armature  leads  became  very 
warm,  showing  that  large  currents  were  flowing  within  the 
machine.  It  was  then  found  that  upon  reversing  the  field  when 
it  was  very  weak,  either  self  or  separately  excited,  this  did  not 
occur,  but  the  armature  fell  back  one  full  pole  when  the  fields 
were  reversed.  This  reversing  could  be  much  more  definitely 
accomplished  when  the  neutral  period  of  the  rotary  was  ascer- 
tained. It  was  found  that  when  running  at  synchronous  speed. 
it  would  take  just  11  seconds  for  this  particular  machine  to  fall 
back  one  full  pole.  Therefore,  if  the  machine  was  found  to 
have  the  wrong  polarity,  by  opening  the  alternating-current 
switch  and  waiting  11  seconds  to  throw  it  in  again,  11  seconds 
after  opening  it,  the  machine  could  be  caught  in  the  right 
position. 


Position 

Everyone  familiar  with  the  operation  of  rotaries  has  no  doubt 
observed  that  there  is  a  certain  point  at  which  the  machine  takes 
a  minimum  amount  of  alternating  current  for  a  given  direct 
current  that  it  may  be  delivering;  and  that  if  the  field  strength 
be  either  increased  or  decreased  lieyond  this  point,  the  alternat- 
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ing  current  will  increase  for  the  same  direct  current  delivered. 
This  extra  current  is  a  wattless  one  and  is  leading  if  the  field 
excitation  is  more,  and  lagging  when  it  is  less,  than  the  amount 
required  to  give  minimum  alternating  current  for  the  given  direct- 
current  output.  It  produces  unnecessary  heating  in  the  armature. 
and  is  therefore  to  be  avoided  as  far  as  possible. 

Hunting  or  pumping  is  an  action  common  to  all  synchronous 
apparatus  ttnder  certain  conditions,  and  indicates  a  giving  and 
taking  of  power  to  or  from  the  line.  Tliis  phenomenon  may  be 
produced  by  a  prime  mover  having  a  non-uniform  angular  veloc- 
ity, or  because  the  alternator  has  poor  inherent  regulation.  An 
armature  current  of  varying  power  factor  may  produce  a  shift- 
ing of  the  fields  under  the  poles  of  the  alternator,  which  gives 
the  equivalent  of  fluctuation  in  speed,  even  though  the  speed  is 
constant.  Hunting  is  very  frequently  induced  in  a  rotary  con- 
verter by  other  synchronous  apparatus  operating  upon  the  same 
system.  The  armature  of  the  rotary,  being  of  comparatively 
small  mass,  takes  on  and  may  accentuate  the  irregularities  in  a 
system,  and  it  is  wise  to  avoid  operating  the  machines  in  parallel, 
especially  on  both  the  alternating  and  direct-current  sets.  In 
one  large  system  which  the  writer  has  in  mind  the  consulting 
engineers  very  wisely  did  not  operate  the  two  looo-kilowatt 
generators  directly  in  parallel,  but  connected  them  beyond  the 
step-up  transformers;  thus  they  were  enabled  to  operate  a  400- 
kilowatt  rotary  in  this  station  directly  from  each  generator  and 
were  able  to  parallel  the  direct-current  ends  of  these  rotaries. 
The  transformers  form  a  spring,  or  buffer,  as  it  were,  and  not 
a  rigid  lock,  as  would  be  formed  if  the  two  rotaries  were  con- 
nected directly  on  the  alternating-current  side.  The  rotating 
element  of  any  dynamo  takes  a  fixed  position  relative  to  the 
stationary  element,  due  to  the  magnetic  pull,  and  unless  there  is 
something  to  set  up  a  vibration  parallel  to  the  axis,  the  brushes 
will  ride  in  a  fixed  f)osition.  An  ingenious  method  of  produc- 
ing an  end  play  is  shown  in  Figure  2. 

Motor-Generators 

Motor-generators,  for  our  purpose,  divide  themselves  into 
three  classes: 

fa)     The  combination  of  an  induction  motor  and  direct- 
current  generator. 


and,  very  frequently,  the  very  reason  for  having  a  motor-genera- 
tor set  is  to  tide  over  a  growing  alternating  and  direct-current 
system.  Figure  3  illustrates  a  soo-kilowatt  motor-generator 
capable  of  operating  from  4600  volts  alternating  current  and 
delivering  from  230  to  300  volts  direct  current.  As  indicated 
in  the  earlier  part  of  the  paper,  for  60-cycle  transformation,  a 
motor-generator  up  to  voltages  of  13,000  to  15,000  will  cost  very 
little  more  than  a  rotary  with  its  necessary  transformers,  besides 
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having  the  great   advantage  of  being  operated   with  one  side 
entirely  independent  of  the  other,  so  far  as  voltage  is  concerned. 

Sttirting  Motor-Generator  Sets 

The  starting  of  a  motor-generator  is  accomplished  more 
simply,  as  in  the  case  of  a  rotary,  by  starting  the  direct-current 
machine  as  a  motor.  Figure  4  is  a  wiring  diagram  for  such  a 
case.  When  it  is  not  possible  to  start  from  the  direct-current  end, 
synchronous  motors  are  often  started  by  means  of  choke  coils- 
or  low-voltage  taps  on  the  transformers,  just  like  the  rotaries. 


Fir..  5 — Wiring  Dia(^ram — Starting  Aitakati's,  Thrke-Phasb 

MUTOR-GCNERATORS 

of  cases.  A  small  single-phase  motor  is  used  to  start  a  small 
rotary  converter,  and  the  large  generator  is  started  from  the 
direct-current  side  of  the  rotary,  the  rotor  being  steadied  by  the 
single-phase  motor  that  was  coupled  to  it,  thus  giving  it  a  con- 
siderable overload  capacity.     Figure  5  shows  the  starting  dia- 
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gram  for  this  particular  case,  and  Figure  6  shows  the  small  start- 
ing set  referred  to. 

Operation 

From  the  standpoint  of  operation,  the  synchronous  motor  has 
one  very  great  point  in  its  favor,  especially  from  the  fact  that 
induction  motors  are  being  installed  in  factories  at  a  distance 
from  the  central  station,  i.  e.,  that  it  may  be  very  conveniently 
used  to  keep  up  the  power  factor  on  the  line.  It  is  evident  that 
since  in  factories  oi>erating  with  motor-driven  tools  the  average 
load  in  the  factory  will  be  as  low  as  one-fifth  of  the  total  capacity 
of  the  motors  installed,  and  that  therefore  a  large  percentage 
of  the  motors  are  operating  at  light  loads,  the  power  factor  ofJ 
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the  plant  will  be  quite  low.  Indeed,  the  writer  has  in  mind  a 
plant  in  whidi  the  average  power  factor  is  something  like  40  per 
cent.  Inquiries  are  not  infrequent  for  synchronous  motors  to  be 
used  solely  for  the  purpose  of  increasing  the  power  factor  of  a 
system.  It  is  well  to  keep  this  point  in  mind,  in  the  selection 
of  a  unit,  to  provide  a  balance  between  the  alternating  and  direct- 
current  systems  of  a  station.  However,  the  point  must  not  be  lost 
sight  of  that  if  a  synchronous  motor  is  to  develop  a  certain  output 
in  brake  horse-power  and  to  supply  a  corrective  current  for 
increasing  the  power  factor,  it  must  be  considerably  larger  than 
if  it  were  to  deliver  its  load  at  or  near  unity  power  factor. 
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Frequency  Changers 

The  fact  that  power  must  not  only  be  distributed  in  large 
towns  but  often  sent  to  its  environs,  makes  it  necessary  to  employ 
frequency  changers.  Sufficient  thought  is  often  not  given  to  the 
correct  choice  of  a  frequency  changer.  It  must  be  rernemberedj 
for  instance,  that  the  energy  is  to  be  converted  from  25  cycles 
to  60  cycles,  the  highest  possible  speed  to  get  this  exactly  being 
300  revolutions.  Naturally,  for  small  units,  this  speed  is  such 
that  the  price  becomes  high,  therefore  a  compromise  is  effected 
and  ati  odd  frequency  is  adopted  ;  for  instance,  frequency  changers 


are  built  of  100  and  200-ktlowatt  capacity,  operating  at  750  r.p.m., 
transforming  from  25  to  62.5  cycles.  Now.  in  starting  a  set  of 
this  kind,  there  are  but  two  positions  where  it  is  possible  to 
operate  both  the  25-cycle  and  the  62.5-cycle  ends  in  parallel  with 
other  units,  and  it  therefore  requires  some  manipulation  to  get 
the  machines  into  one  or  the  other  of  these  positions  when 
starting  up.  In  operating  a  frequency  changer  in  parallel  with 
either  another  frequency  changer  or  with  a  generator  on 
the  high-cycle  end,  there  is  but  one  way  to  throw  the  high- 
cycle  end  in  parallel  with  the  other  unit.  If  the  other  unit 
happens    to    be    of    the    same    capacity    and     characteristics, 


ure  7  shows  a  part  of  this  station.     In  the  foreground  wiil  be 
seen  a  small  induction  motor-generator  set,  which  is  used   for 
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induction  motor  directly  coupled  to  the  shaft,  this  motor  being 
capable  of  developing  1600  kilowatts  synchronous  torque, 
which  starts  the  large  set  up  in  an  incredibly  short  time.  The 
water  rheostat,  Figure  1 1,  is  used  for  the  purpose  of  starting 
this  induction  motor.  As  will  be  noted  from  the  illustration,  the 
water  rheostat  is  operated  by  a  small  electric  motor,  which  in 
turn  is  controlled  by  means  of  push  buttons  from  the  switch- 
board, so  that  the  whole  set  is  readily  started  directly  from 
the  switchboard. 

DISCUSSION 

The  President:  Is  there  any  discussion  on  the  paper  that 
has  just  been  presented  to  the  meeting? 

Mr.  Claren'ce  Renshavv  (Pittsburg,  Pa.) :  I  should  like 
to  differ  a  little  with  Mr.  Bogen  in  regard  to  the  desirability  of 
6o-cyc]e  rotary  converters  for  direct-current  voltages  of  250  and 
500.  It  is  true  that  it  is  difficult  to  design  machines  of  this  kind, 
but  it  is  undoubtedly  also  true  that  by  using  the  proper  skill 
rotar>'  converters  for  this  frequency  can  be  designed  that  will 
operate  entirely  satisfactorily  for  direct-current  voltages  of  500, 
or  even  600. 

There  is  another  point  in  connection  with  this  matter  of 
motor-generators  which  Mr.  Bogen  has  not  brought  out.  That 
is  the  liability  of  a  sychronous  machine  under  varving  load  to 
affect  the  voltage  of  the  system  by  means  of  changes  in  its  power 
factor.  If  a  rotary  converter  is  operating  with  a  variable  load, 
its  field  current  can  be  so  adjusted  that  when  running  at  light 
loads  the  rotary  converter  will  cause  a  lagging  current  on  the  line 
and  when  running  at  heavy  loads  a  leading  current  on  the  line. 
The  eflFect  of  the  lagging  current  will  then  be  to  lower  the  voltage 
of  the  system  and  that  of  the  leading  current  will  be  to  raise  the 
voltage  of  the  system.  This  action  can  be  utilized  to  secure  good 
regulation  on  tines  where  with  a  motor-generator  set  the  rcgtila- 
tion  would  be  poor.  I  have  in  mind  a  certain  60-cycle  plant  in 
which  lighting  and  railway  service  are  operated  from  the  same 
machines  and  the  same  'bus-bars.  It  is  a  plant  of  moderate  size, 
so  the  railway  load  is  extremely  fluctuating.  If  motor-generator 
sets,  particularly  induction-motor- genera  tor  sets,  were  used  for 
operating  the  railway  load,  when  a  heavj'  load  was  momentarily 
called  for  by  the  cars  the  voltage  on  the  entire  system  would 
feel  the  pull,  and  when  the  cars  "let  go,"  the  voltage  of  the  sys- 
tem  would   suddenly   rise.      With   rotary   converters,   however, 
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the  fact  that  when  the  load  is  light  the  current  taken  by  the  con- 
verter is  lagging,  and  when  the  load  is  heavy  the  machine  takes 
a  leading  current,  tends  to  counteract  this  effect.  When  the 
cars  take  a  heavy  current  the  leading  current  in  the  rotary  con- 
verter tends  to  counteract  the  drop  on  the  system  that  would 
otherwise  occur.  Again,  when  the  car  lets  go,  the  current  in 
the  rotary  converters  becomes  a  lagging  one.  which  tends  to 
reduce  the  voltage  of  tlie  system  and  thus  prevent  the  sudden 
jump  in  voltage  that  would  otherwise  occur.  It  is  true  that  if 
a  motor-generator  set  driven  by  a  synchronous  motor  were  used 
the  same  action  could  be  had;  but  if  a  synchronous  machine  is 
used  at  all  it  is  naturally  desirable  to  keep  the  outfit  as  simple 
as  possible,  and  a  single  machine,  such  as  a  rotary  converter,  is 
infinitely  more  simple  than  a  synchronous-motor-generator  set, 
and  if  properly  designed  is  equally  satisfactory  and  reliable. 

Mr.  Alex  Dow  (Detroit,  Mich.)  :  I  think  that  in  this  ques- 
tion of  motor-generators  as  against  rotaries  the  distinction  is 
not  always  made,  as  it  should  be.  between  the  conditions  of  rail- 
way service  and  those  of  lighting  service.  I  think,  also,  that 
exception  must  be  taken  to  the  last  statement  of  the  preceding 
speaker  if  that  statement  was  intended  to  cover  lighting  service. 
In  railway  service  it  is  possible  to  compound  the  rotary  with  the 
line  to  get  the  excellent  result  pointed  out,  nahiely,  a  minimum  of 
disturbance  to  the  system  by  the  varying  loads  of  the  railway 
service.  The  line  is  there,  anyhow ;  and  while  it  is  sometimes 
necessary  to  add  externa!  inductance,  as  a  rule  the  transmission 
line  can  be  made  of  itself  sufficiently  inductive  to  give  the  neces- 
sary compensation.  In  that  case  your  circuit  reduces  itself 
to  a  set  of  transformers  (or  a  single  three-phase  transformer) 
and  a  rotary.  There  are  conditions  of  lighting  service,  however, 
in  which  the  variations  of  direct-current  voltage  that  are  normal 
in  railway  work  can  not  be  tolerated.  The  transformers  for  the 
rotary  must  be  supplemented  by  regulating  devices  to  give  the 
necessary  range  of  voltage  contro!.  The  result  of  this  in  some 
recent  stations  in  which  rotaries  are  employed  in  direct-current 
lighting  work  is  that  the  rotary  equipment  is  not  only  more 
complicated  than  a  motor-generator  set.  but  is  absolutely  more 
expensive.  In  other  words,  if  a  long  range  of  regpilation  is 
required  the  cost  of  your  regulating  transformer  and  vour  step- 
down   transformers   for  the  rotary,   plus   their   foundations   and 


auxiliaries,  plus  the  usual  runaway  device  on  the  rotary,  and 
a  few  other  extra  fixings  which  that  touchy  piece  of  apparatus 
requires,  is  equal  to  or  greater  than  the  cost  of  a  motor-genera- 
tor set.  If  our  technical  advisers  and  our  speakers  at  these 
meetings,  and  those  who  write  for  us  in  the  technical  press, 
would  differentiate  distinctly  between  the  two  conditions  I  have 
indicated,  they  would  find  at  one  end,  where  exact  regulation  is 
required,  as  for  lighting  service,  or  where  the  range  of  regula- 
tion is  long,  that  the  motor-generator  under  our  American  condi- 
tions has  very  many  advantages;  while,  on  the  other  hand,  in 
railway  service  the  rotary,  even  if  it  be  a  6o-cycle  rotary,  justi- 
fies its  existence  completely  and  leaves  no  choice.  Given  the 
one  set  of  conditions,  you  will  take  the  rotary  converter;  and 
under  another  set  of  conditions  you  will  take  the  motor-genera- 
tor. Under  intermediate  conditions  it  may  be  a  difficult  matter 
to  decide  and  it  may  become  a  matter  of  individual  preference; 
but  at  these  two  ends — lighting  service,  with  exact  regulation  or 
with  a  considerable  range  of  regulation  on  one  hand,  and  rail- 
way service,  particularly  interurban  railway  service,  with  rapidly 
varying  loads  on  the  other  hand — there  is  no  choice  whatever. 
Both  from  financial  considerations  and  from  consideration  of 
the  reliability  of  service  the  one  condition  predicates  the  motor- 
generator  and  the  other  condition  predicates  the  rotary  converter, 

Mr.  H.  J.  GiLLE  (St.  Paul,  Minn.)  :  There  is  one  point  in 
regard  to  motor-generators  and  rotary  converters  that  Mr.  Bogen 
has  not  touched  on  at  all,  a  point  that  I  think  is  very  important, 
and  that  is  the  advantages  and  disadvantages  of  both  as  to  relia- 
bility of  service  in  case  of  lightning  troubles  on  transmission  lines. 
It  seems  to  me  that  many  members  of  this  association  arc  inter- 
ested in  the  question  of  continuous  service  on  transmission  lines 
and  protection    from  lightning  troubles. 

TiiK  Presidext:  A  request  has  been  made  that  before  pro- 
ceeding with  the  next  paper  there  should  be  some  discussion  on 
the  report  of  the  committee  on  progress,  which  was  submitted 
this  morning. 

DISCUSSION    OF   REPORT   ON    PROGRESS 

Mr.  \VtLLi.\MS:  Mr.  President  and  gentlemen — It  seemed 
to  some  of  us  that  this  excellent  report  of  the  committee  on  prog- 
ress should  not  go  into  the  minutes  of  the  meeting  without  some 
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discussion.  Mr.  Martin's  report  last  year  did  go  into  the  min- 
utes without  discussion,  and  I  think  a  great  deal  of  valuable 
information  was  thereby  lost.  Witli  some  others,  I  asked  the 
president  if  a  few  minutes  could  not  be  devoted  to  this  report. 

I  should  like  to  draw  your  attention  to  Mr.  Martin's  ref- 
erence ( pag^e  20)  to  the  work  of  Mr.  Alex  Dow  at  Detroit  in 
the  use  of  the  exhaust  steam  tor  the  purpose  of  evaporating  brine 
and  thereby  deriving  salt.  I  think  we  should  ask  Mr.  Dow  to 
say  something  on  that  subject. 

Permit  me  to  draw  your  attention  to  some  statements  on 
page  26,  the  results  of  calculations  by  Mr.  Pearce,  of  Man- 
chester, England — an  engineer  of  wide  note  in  England,  who 
has  made  a  careful  study  of  the  relative  costs  of  different  arti- 
ficial illuminants — where  he  reaches  the  conclusion  that  the  cost 
per  mean  candle-foot  per  hour  for  arc  lamps  is  0.66,  whereas 
for  intensified  gas  lamps — the  form  of  illumination  taken  in 
comparison — the  cost  rises  to  0.79  cent.  The  table  on  page  27 
(in  the  final  results  in  which  perhaps  we  can  not  all  concur,  due 
possibly  to  differences  in  cost  in  England  and  here)  is  very 
interesting,  and  I  think  would  justify  careful  consideration  on 
the  part  of  our  members. 

I  think  also  that  the  references  of  Mr.  Martin  to  the  use  of 
the  mercury  vapor  lamps  are  very  valuable.  He  states  truly 
that  the  lamp  is  used  to  a  very  large  extent  for  the  commercial 
lighting  of  one  of  the  largest  buildings  in  New  York.  The  men  who 
work  under  the  light  in  that  building,  and  those  who  work  under 
it  in  other  buildings,  say  that  after  taking  two  or  three  days  to 
become  acclimated,  as  it  were,  they  would  not  willingly  work 
under  any  other  form  of  artificial  light.  Then,  under  the  head 
of  other  illuminatUs,  on  page  31,  Mr.  Martin  refers  to 
the  Nernst  lamp  development.  I  for  one  should  like  to  hear  a 
great  deal  more  about  what  is  being  done  by  the  central-station 
managers  in  the  development  of  the  Nernst  lamp  and  the  results 
they  are  getting  from  its  use.  Reference  is  made  to  the  use  of 
the  Nernst  lamp  at  Pittsburg,  where  they  have  600  kilowatts 
installed,  and  I  have  in  mind  a  smaller  installation  in  which  some- 
thing more  than  100  kilowatts  of  the  lamps  have  been  installed ; 
but  the  use  of  the  Nernst  lamp  in  place  of  the  cheaper  illuminants, 
such  as  gas,  is  still  in  its  infancy,  and  I  think  it  forms  an  inter- 
esting subject  for  discussion. 
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Another  division  of  Mr.  Martin's  paper  relates  to  electric 
heating.  We  are  to  have  a  paper  on  that  subject  and  therefore 
I  pass  it  over,  but  I  should  like  to  ask  if  Mr.  Martin  knows  the 
present  cost  of  the  osmium  lamps.  He  makes  the  interesting 
statement  in  the  final  sentence  on  the  subject  of  this  lamp  that 
former  difficulties  of  a  iio-volt  lamp  of  long  life  have  now  been 
overcome.  This  lamp  burns  at  something  less  than  two  watts 
per  candle  and  has  been  known  to  have  an  efficient  life  of  2000 
lamp-hours.  I  would  ask  Mr.  Martin  the  price  at  which  these 
lamps  may  now  be  obtained  in  this  country,  and  whether  or  not 
he  has  any  information  as  to  the  prospect  of  obtaining  them  in 
large  quantities. 

Mr.  Martin  finally  speaks  of  electric  power  for  refrigeration. 
Let  me  remind  you  that  refrigeration  is  largely  a  summer  load, 
in  the  nature  of  the  service,  and  it  is  a  kind  of  service  that  can 
be  excluded  from  the  peak  hours  of  the  four  heavy  months  of  the 
year.  It  is  a  very  important  subject  for  the  central-station  mana- 
ger in  the  development  of  his  power  installations.  Mr.  Martin 
quotes  Mr.  J.  C.  Chamberlain — an  expert  who  has  given  a  great 
deal  of  attention  to  the  subject  of  electric  refrigeration — in  the 
statement  that  where  electric  current  can  be  obtained  at  less 
than  five  cents  per  kilowatt-hour  electric  refrigeration  is  cheaper 
than  ice. 

Looking  over  the  report,  if  anything  at  all  has  been  omitted 
by  Mr.  Martin — and  I  hesitate  to  say  that  anything  lias  been 
omitted — I  would  say  that  perhaps  sufficient  emphasis  has  not 
been  given  to  the  recent  development  of  electric  signs  all  over 
the  country.  The  development  of  these  electric  signs  is  a  sign 
of  the  times.  Electric  light  in  one  form  or  another  is  recog- 
nized by  the  advertising  experts  as  one  of  the  great  mediimis 
for  advertising,  so  much  so  that  it  ranks  to-day  with  advertising 
in  the  newspapers  and  the  magazines.  The  companies  that  have 
not  attempted  to  develop  the  sign  business  along  such  lines  as 
those  followed  in  Denver  and  Chicago  are  losing  opportunity 
for  large  revenue. 

Mr.  W.  C.  L.  Eclin  (Philadelphia)  :  I  think  that  this  report 
of  progress,  made  by  Mr.  Martin,  was  abstracted  too  briefly. 
In  reading  over  the  paper  I  find  that  so  far  as  lighting  is  con- 
cerned nearly  all  the  points  have  been  touched.  I  should  like 
to  ask,  in  reference  to  the  Cooper  Hewitt  lamp,  how  the  candle- 
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power  of  the  lamp  is  determined  and  what  is  being  done  toward 
making  a  more  direct  comparison  between  this  lamp  and  the  arc 
lamp;  and  particularly  where  Mr.  Martin  refers  to  a  large  news- 
paper office.  Mr.  Martin  takes  up  the  lighting,  but  pays  little 
attention  to  the  motor  side  of  this  installation.  If  there  were  any 
criticism  to  be  made,  it  would  be  with  reference  to  the  omission 
of  data  relating  to  motor  control,  and  especially  to  such  fluctuat- 
ing control  as  is  found  in  the  newspaper  office.  I  feel,  however, 
that  the  association  is  to  be  congratulated  on  having  such  a 
valuable  resume  of  the  work  in  which  we  are  all  interested. 

Mr.  Dow  :  I  want  to  know  from  Mr.  Martin  all  the  things 
the  other  gcntlenieti  want  to  knriw.  Referring  to  page  20  of 
the  report,  with  reference  to  our  salt  work,  I  will  say  that  the 
salt  work  is  not  yet  going.  The  reason  thereof  is  not  electrical 
nor  mechanical,  but  purely  commercial.  The  Detroit  plant,  which 
has  been  in  operation  since  last  August,  is  so  arranged  that  we 
may  run  non-condensing  and  that  we  may  deliver  the  exhaust 
steam  to  a  salt  block ;  but  in  the  present  peculiar  condition  of 
the  salt  market  we  have  found  a  sufficient  reason  for  stopping 
the  drilling  of  more  salt  wells  and  postponing  the  installation 
of  evaporating  machinery. 

That,  as  is  mentiont'd  by  Mr.  Martin  on  page  21.  there 
is  a  possible  profit  in  a  combination  of  industrial  processes  with 
the  electric-light  business,  is  perfectly  certain.  There  are  several 
electro-chemical  processes  that  are  not  of  necessity  continuous 
processes.  When  we  think  of  electro-chemical  processes  wc 
almost  invariably  associate  those  processes  mentally  with  the 
continuous  24-hour-a-day  operations  at  Niagara  P'alls,  Sault  Ste. 
Marie,  and  in  similar  locations.  There  are,  however,  a  number 
of  electro-chemical  and  electro-metallurgical  processes  that  are 
not  necessarily  continuous,  and  can  therefore  be  run  profitably 
and  economically  at  hours  that  are  not  peak-load  hours ;  some 
of  them — let  me  intimate  a  possibility — even  of  such  a  charac- 
ter that  they  may  be  made  to  assist  at  peak  hours.  Did  you  ever 
consider  that  the  storage  battery  is  merely  an  electro-chemical 
process,  reversible  with  fairly  high  efficiency,  and  that  there  may 
be  other  processes  of  similar  character  that  are  partly  reversible 
and  may  be  made  (in  a  pinch)  to  kick  back  on  the  station  and 
help  on  the  peak  loads.'' 

Other  features  of  the  Detroit  work,  which  Mr.  Martin  out- 
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liiu's  on  pa^'c  21,  are  fKjssibly  uf  more  general  itUerest.  ?le 
refers  to  the  large  new  generating  Delray  plant  3000-kilowatt 
turbo-generators.  This  plant  was  designed  as  a  turbine  plant, 
and  possibly  shows  the  turbine  under  more  favorable  conditions 
than  most  turbine  plants  do.  It  is  not,  however,  anything  extra- 
ordinary. His  next  item  of  reference  is  the  generation  and  trans- 
mission of  electrical  energy  at  4600  volts,  3-phase,  60  cycles, 
instead  of  the  more  familiar  25  cycles  usually  employed  for 
transmission  to  direct-current  substations.  This  requires  some 
explanation.  The  decision  to  use  4600  voSts  was  taken  because 
that  seemed  to  be  a  good  compromise  voltage  for  such  an  area 
as  we  proposed  to  cover  by  direct  transmission.  For  that  area 
2200  volts  was  too  low ;  and  6600  volts  is  unmanageable  when 
you  try  to  use  individual  transformers.  Moreover,  6600  volts 
is  so  high  that  the  municipal  regidations  in  Detroit  are  contrary 
to  its  use  on  overhead  wires,  while  4400  volts,  phvs  the  neces- 
sary drop  in  transmission,  is  permissible.  It  is  a  little  sloppy, 
but  not  so  much  so  as  to  prevent  its  being  handled  "alive"  on  well- 
constructed  lines  by  careful  men.  For  distribution  through  outlying 
residence  districts,  which  will  take  possibly  10  to  15  per  cent  of 
our  total  output,  we  have  thought  it  best  to  adhere  to  2200  volts. 
We  have  also  thought  it  best  to  retain  our  isolating  transformers 
between  the  4400-volt  tie-line  system  and  the  2200-volt  lines, 
instead  of  using  a  "four-wire"  or  compensator  connection.  We 
learned  through  experience  that  if  the  2200-volt  system  going 
through  the  residence  streets  filled  with  shade  trees,  and  going 
into  the  corners  and  back  alleys,  were  connected  direct  to  the 
4400-volt  system,  %vith  9000  to  12,000  kilowatts  of  dynamo  capac- 
ity on  the  'bus-bars,  we  were  liable  to  have  some  complicated 
situations  in  stormy  weather. 

In  the  large  motors  that  we  have  installed  in  our  new  sub- 
stations, and  to  some  extent  on  customers'  premises — motors  of 
150  horse-power  and  upward — ^the  direct  line  pressure  of  4400 
volts  is  entirely  satisfactory.  I  refer,  of  course,  to  the  motors 
with  the  stationary  armature  winding  and  the  revolving  field 
or  rotor. 

As  to  the  transforming  of  alternating  current  to  direct  cur- 
rent by  motor-generator  sets.  In  my  previous  remarks  at  this 
session  I  pointed  out  our  reason  for  adopting  these  motor-genera- 
tor sets  instead  of  rotaries.     We  find  our  looo-kilowatt  motor- 
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generator  units  very  reliable,  and  alsi)  find  them  to  be  cheap. 
When  you  get  to  such  large  sizes,  if  you  inchide  the  cost  of 
building  and  cost  of  regulating  apparatus,  foundations,  auxili- 
aries, et  catera,  a  loookilowatt  motor-generator  set  is  not  more 
expensive  than  the  rotary  converter  with  its  transformers  and 
regulating  devices  and  auxiliaries  of  the  same  capacity. 

As  to  the  use  of  steam  engines  at  some  substations  to  sup- 
ply steam  heat,  besides  helping  out  the  electric  system.   At  present 
we  receive  from  one  station,  essentially  a  steam-heating  station 
operated  by  an  independent  company,  continuously  during  busi- 
ness hours  of  the  winter  months  225  kilowatts,  with  450  kilo- 
watts on  the  peak.     We  buy  this  current.     In  another  station  we 
sell  exhaust  steam  from  what  will  be  a  total  installation  of  1300 
kilowatts  of  engines  to  another  steam-heating  company,   which 
distributes  it  in  the  residence  district.    We  are  paid  proportion- 
ately to  the  meter  readings  of  that  company — it  sells  entirely  by 
meter — and   the  company  pays   us  a  certain  amount  per    1000 
cubic  feet  of  condensation  shown  by  the  meter  readings.     In  a 
third  station,  which  is  now  being  built,  the  steam-heating  com- 
pany will  install  two  direct-current  turbines,  and  will  sell  us  cur- 
rent during  peak-load  hours.     These  turbines  are  to  be  of  the 
new  mono-polar  type ;  and  I  presume  that  a  year  from  now  there 
will  be  an  interesting  report  to  make  concerning  their  operation. 
They  will  deliver  direct  current  to  the  Edison  three-wire  sys- 
tem.    The  electric  investment  made  by  the  steam-heating  com- 
pany is  about  $46  per  kilowatt.     The  peculiar  point  of  the  situa- 
tion is  that  the  boilers  installed  for  the  direct  supply  of  steam 
have  their  period  of  lightest  load  during  the  peak  load  of  tlie 
electric  lighting  in  the  business  district.     The  peak  load  of  the 
steam-heating  system  is  strongly  marked ;  in  the  residence  dis- 
tricts it  is  from  a  quarter  before  to  a  quarter  after  seven  in  the 
morning,  at  the  time  when  people  are  rising  and  turning  on  the 
heat  to  warm  their  apartments.    The  peak  is  very  sliarp  at  that 
time.    In  the  business  district  the  peak  comes  on  somewhat  later, 
due  likewise  to  the  morning  heating  up  of  the  premises.    In  the 
afternoon,  along  toward  dusk,  when  business  houses  are  getting 
ready  to  close,   less  heat  is   required,  and  the  boilers   will  be 
available  to  run  the  turbines,   which  will  be   run   with   partial 
vacuum.    The  conditions  are  such  that  to  install  condensing  appara- 
tus for  the  high  vacuum  generally  called  for  by  the  turbine  engi- 
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neers  would  not  be  profitable ;  but  low  vacuum  can  be  profitably 
obtained. 

The  total  investment  in  steam-heatinpf  mains  in  Detroit  at 
the  present  time,  including  the  plant,  still  incomplete,  is  close 
to  a  half-million  dollars  and  will  go  somewhat  above  that  when 
the  work  is  done.  I  can  not  say  that  it  is  yet  demonstrated  to 
be  a  financial  success.  The  preliminary  figures  show  that  in  a 
town  of  our  size  steam  heating  in  conjunction  with  electric  light- 
ing should  pay.  We  feel  that  the  direct  supply  of  steam  heat 
down-town  will  enable  us  to  get  business  now  done  by  isolated 
plants.  There  are  fewer  isolated  plants  in  Detroit  than  in  any 
city  of  its  size  in  this  country.  We  long  ago  adopted  such  a 
system  of  dealing  with  these  plants  that  we  stopped  their  increase, 
and  they  are  now  decreasing.  We  believe  the  last  of  them  will 
come  into  the  fold  when  their  owners  can  get  steam  as  well  as 
light  from  a  central  company. 

Mr.  Samuel  Scovil  (Cleveland,  Ohio) :  What  area  does 
the  plant  cover? 

Mr.  Ck)\v :  At  the  present  time  the  residence-heating  plant 
extends  about  a  mile  by  a  half-mile.  The  down-town  heating 
plant  already  in  service  covers  an  area  of  about  a  half-mile 
square.  The  other,  which  is  coming  into  service,  will  cover  a 
similar  area. 

There  is  no  correspondence  between  the  demand  for  steam 
heating  and  the  demand  for  electricity.  Once  in  a  while  you  find 
such  a  case,  but  it  is  apt  to  be  a  factory  using  a  large  amount  of 
power  relatively  to  the  cubic  contents  of  the  building,  where 
the  exhaust-steam  and  electricity  demands  will  match.  In  a  resi- 
dence district  it  requires  four  residences  to  take  electric  light, 
to  heat  one  with  steam ;  and  unless  you  can  find  some  external 
power  business  you  will  decide  at  once  that  you  must  cover  a 
great  deal  larger  area  with  the  electric  mains  than  with  the 
steam  mains.  We  have  in  a  way  obtained  that  result  by  revers- 
ing our  motor-generators  and  tie  lines  and  putting  power  on  to 
the  alternating-current  power  system.  We  are  now  installing 
one  of  our  old  alternating-current  sets  in  our  residence-district 
station  to  give  alternating  current  directly  to'  the  tic  lines. 

The  last  feature  mentioned  by  Mr.  Martin  is  an  extensive 
power  service  and  the  distribution  of  power  current  to  factories 
by  means  of  4600- volt,  3-phase  circuits.  That  power  service  is 
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extensive  in  area,  but  thus  far  has  not  obtained  the  amount  of 
business  that  would  warrant  it  in  being  described  as  an  extensive 
system.  Still,  the  contracts  are  coming  in ;  and  we  are  satisfied 
that  we  shall  get  the  business.  1  have  to-day  received  advice 
of  the  signing  of  one  contract  for  24-hour  supply  to  a  large 
manufacturing  institution,  which  will  mean  a  minimum  bill  of 
$27,000  per  annum.  The  price  is  low.  If  anyone  wants  to  buy 
current — 4600-volt,  3-phase  current,  delivered  at  our  "bus-bars, 
regulated  to  between  44(Xi  and  4700  volts — we  are  perfectly 
willing  to  sell  it  at  the  "bus-bars  at  a  low  price  per  kilowatt-hour 
for  24-hour  service,  or  at  a  proportionately  low  price  for  shorter- 
hour  service.  We  have  a  railway  contract  under  a  differential 
rate  that  brings  in  a  corresponding  price.  The  load  factor  of 
the  railway  load  is  good — about  18  hours  a  day.  I  may  say,  to 
throw  further  light  on  the  price  question,  that  our  present  rate 
for  secondary  alternating-curreiit  supply  for  10  hours*  service 
per  day,  3000  hours  a  year,  gets  down  to  2.5  cents  per  kilowatt- 
hour  under  certain  conditions  of  minimum  investment.  For 
shorter-hour  service  or  greater  investment  the  rates  must  be  pro- 
portionally higher,  on  account  of  increased  fixed  charges. 

Some  of  the  things  Mr.  Martin  mentions  we  are  now  sure 
about.  We  know  enough  about  them  to  be  certain  that 
our  plan  is  correct.  As  to  others,  we  feel  we  are  all  right,  but 
shall  be  more  positive  about  them  later.  If  any  of  you  care  to 
study  the  matter  more  closely,  either  by  a  visit  to  Detroit  or  by 
asking  some  definite  questions,  I  shall  be  willing  to  answer  more 
precisely.  Our  theory  is  that  one  frequency  should  be  enough ; 
that  the  alternating-current  service  is  the  service  to  push ;  that  the 
cost  of  transforming  to  direct  current,  while  unavoidable  under 
present  conditions,  is  one  we  should  not  seek  to  increase  by  the 
offer  of  direct-current  service  when  alternating-current  serv- 
ice will  be  satisfactory;  that  the  4400-volt  motor  in  large  units 
is  entirely  practicable ;  and  that  the  alternating-current  motor 
in  small  units  taking  power  service  from  lighting  circuits  is 
also  entirely  practicable. 

Since  our  original  plans  were  laid  out,  involving  the  cover- 
ing of  an  area  of  30  square  miles,  there  has  come  to  us  the  neces- 
sity of  building  three  different  transmission  lines,  one  of  which, 
16  miles  in  length,  is  already  in  operation.  Of  the  other  two, 
one  is  under  contract  and  the  other  is  at  the  present  time  being 
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considered,  and  whether  it  is  to  be  built  this  year  or  next  will 
depend  upon  negotiations  to  be  concluded  within  a  month.  One 
of  these  lines  will  ultimately  deliver  about  3000  kilowatts  and  will 
ultimately  extend  40  miles.  For  such  lines  4400  volts  is  too 
low  to  be  profitable,  therefore  we  shall  have  within  a  few  months 
a  considerable  transmission  system  of  22,000  volts,  partly  under- 
ground and  partly  overhead ;  the  voltage  being  limited  to 
22,000  volts  because  that  was  the  limit  at  which  the  manufac- 
turers of  cable  would  guarantee  the  insulation.  The  fact  that 
we  shall  now  be  users  of  22,000-volt  apparatus  does  not  affect 
our  original  plan.  It  comes  from  the  necessity  of  covering  not 
merely  an  urban  area,  but  pretty  much  a  whole  county. 

The  President:  If  there  is  no  further  discussion  on  Mr. 
Martin's  report,  we  will  take  up  the  paper  on  The  Organisation 
of  li'orking  Forces  in  Large  Power-Houses,  by  Mr.  W.  P. 
Hancock,  of  Boston. 


The  following  is  the  paper  presented  by  Mr.  Hancock : 

THE  ORGANIZATION   OF  WORKING   FORCES 
IN  LARGE  POWER-HOUSES 


As  this  paper  will  deal  with  the  matter  of  organization  of 
working  forces  in  large  power-houses,  we  will  assume  that  we 
have  approved  and  ecanoniical  apparatus,  on  both  the  steani  and 
electrical  ends  of  the  system;  this  being  true,  it  would  seem 
that  if  we  added  an  organization  to  operate  such  a  system  so 
that  the  best  results  would  be  obtained  from  the  complete  plant, 
we  should  find  our  generating  cost  per  kilowatt-hour  satisfactory. 

As  there  are  companies  whose  generating  accounts  are  not 
identical  with  ours  in  Boston,  with  reference  to  the  charges 
placed  under  the  head  of  "Generating,"  I  will  mention  here  that 
I  shall  deal  with  a  department  that  contemplates  the  expense 
of  operation,  also  the  repairs  and  renewals  of  all  steam 
and  electrical  machinery  and  apparatus,  including  storage 
batteries  necessary  to  generate  and  deliver  to  the  'busses  and 
switchboards  the  output  of  the  generating  system,  the  necessary 
distribution  from  substations,  and  including,  of  course,  all  labor, 
from  the  head  of  department  to  the  errand  boy  on  the  office  end, 
from  the  chief  engineer  to  the  coal  passers  on  the  steam  end, 
from  the  chief  operator  to  the  cleaners  on  the  electrical  end.  also 
the  battery  engineer,  his  assistants  and  workmen ;  and  when  the 
total  charges  are  made  at  the  end  of  the  month,  and  are  divided 
by  the  kilowatts  generated,  we  shall  have  the  legitimate  genera- 
ting cost  per  kilowatt,  so  far  as  an  organization  for  that  purpose 
is  concerned.  There  may  be  other  charges  made  against  the 
department,  but  they  are  not  made  by  reason  of  being  directly 
connected  with  that  portion  of  the  total  system.  It  may  be  well 
to  say  at  this  time  that  the  Boston  Edison  generating  department 
organization  is  made  up  as  shown  on  diagram  on  page  117. 

Having  seen  what  the  organization  seems  like  on  pap>er,  we 
will  follow  down  the  line,  beginning  with  the 

Steam  Dk'ision 

The  chief  engineer  of  the  steam  system  is.  of  course,  totally 
responsible  to  the  head  of  department,  or  his  representative,  for 
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the  good  and  economical  operation  of  that  system ;  and  in  order 
to  be  able  to  assume  that  responsibility  in  a  manner  favorable 
to  the  company's  interest,  and  with  success  for  himself,  he  must 
have  among  his  various  accomplishments  a  few  which  I  will 
mention,  and  which  I  claim  are  extremely  important. 

We   will   assume  that  he  came   to  us  with  the  necessary 

Organization  or  Gcmeratim*  Systcm  at  rut  Third. Fourth  aho  Tvrbine 
Station*  or  Tkc  Eoison  EiECTniclLLUHiMATiN«  CaorBvsTSN 


Output  rew  Jahwarv  i»os 

SC*  Ift«l900   K.WH. 

TuRtuHE  eteTCQie  -  ■  - 
Total     bzorioo   •■  ■•  - 


Total  Mcm  in  3  Power  Houses  \4a 

"        -.     -  »5ubStation8  11 

TOTAL  Mf  N  IN  ttiivic«  irz 


SUPCttlHTrNDCMT  I 
I 


«^TERNATIN«  SvSftH 


ti!  «UT  OrDtKTdKi 


WATCH  on  RATOHit 


n 


DIRECT  SVSTEH 


BATTtmES  OFflte 


CtALWUAir     TVKS^ItA. 


riniu*  I 

IniHtiaf 
<if*n 

TtWIR  IIM.I 


IieCTBICAt         1Tt*t< 
I  1 

CHi(*afcit*TC)itu*>cF  tMCi     e*Tr  cwi  cnttf 

I  I  I  VLtm'  I 

IkT  AS*T  ortMTOR  I  tfAtlT  {*•■      )*>  AS»T 
I  I  BATTtl*.! 

WATCH OPrftATtm  wATCHraLi    roKKiAai 

A. 


n 


THHtHif      fim     !      •wmt        Tint  IB«<M  riKi 

rntum        Koaw  \    nmh         noon  Roan  rsoh 

I  '        \  '  I  " 

t.l    I  IMCaHIIIII     \  tumci*!  I  tNUtlKI  t 

rrn  m  nrn  m  n  nVi  rmn 


IT 


n 


license,  that  he  has  had  a  good  and  varied  experience  with  steam 
engines  and  auxiliaries  and  is  a  first-class  mechanic.  Perhaps 
we  know  him  by  reason  of  his  having  been  employed  on  a  nearby 
system  for  some  time,  and,  if  this  be  the  case,  we  have  had  the 
opportunity  to  see  what  kind  of  an  organizer  he  is,  what  his 
judgment  is  in  the  hiring  of  men,  whether  he  has  the  abilit>'  to 
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maintain  discipline  among  his  men  and  takes  an  interest  in 
knowing  whether  or  not  it  is  maintained,  and  whether  he  plans 
the  work  of  his  system  and  passes  his  orders  to  his  first  assistant, 
to  be  passed  by  him  down  the  Une,  in  such  a  way  as  to  avoid  the 
bad  complications  caused  by  conflicting  orders  given  by  himself 
and  his  first  assistant  to  a  watch  engineer,  perhaps  to  others  of 
his  organization.  We  can  see  whether  he  has  favorites  among 
his  men  by  reason  of  earlier  acquaintance  with  them;  if  he  has 
and  it  is  apparent,  we  know  there  is  trouble  ahead.  We  can 
see  what  his  inclination  is  when  the  load  is  going  at  the  beginnings 
of  the  summer  and  the  pay-roll  will  stand  a  reduction,  not  in 
the  rate  of  wages  but  in  number  of  men  employed.  We  can  see 
whether  or  not  he  has  the  "hustle  and  push"  to  put  the  system 
on  its  feet  and  keep  it  there,  without  having  to  be  reminded  that 
it  is  for  that  purpose  that  he  is  drawing  his  salary ;  also  if  he  takes 
a  keen  interest  in  matters  to  such  a  degree  that  if  he  doesn't 
hear  from  certain  items  in  his  system  he  will  go  after  such  items 
and  not  take  it  for  granted  that  they  are  all  right  or  he  would 
have  heard  from  them. 

If  arguments  arise  between  any  of  the  men  and  their 
superiors,  does  he  act  absolutely  on  his  best  judgment,  or  does 
he  allow  it  to  be  warped  because  the  man  who  is  in  trouble  with 
his  watch  engineer  is  an  old  man — not  in  years,  but  on  the 
system — and  he  thinks  that  man  can  not  do  wrong?  If  he  does 
favor  the  man  at  such  a  time  and  the  man  has  done  something 
irregular  he  will  make  the  mistake  of  all  his  time  on  that  system, 
with  reference  to  discipline  and  organization.  He  will  regret 
that  decision  for  a  long  time  to  come,  for  then  and  there  the 
man  in  the  ranks  practically  becomes  licensed  to  disobey  his 
superior  next  above  him,  and  that  fact  is  very  soon  known 
among  the  men  in  his  and  other  lines  of  work  on  the  steam 
system;  the  watch  engineer  is  tliereafter  ignored  to  a  degree  by 
the  men  over  whom  he  is  in  charge,  and  he  is  not  to  blame  if  he 
leaves  his  position,  rather  than  lose  the  reputation  that  he  may 
have  earned  by  his  ability  to  work  his  watch  successfully  and 
to  the  interest  of  his  employer. 

It  is  the  business,  and  a  valuable  part  of  the  business,  of 
the  chief  engineer  to  administer  in  such  cases  in  a  manner  that 
is  just  to  all  concerned,  from  the  interests  of  his  employer  down 
to  the  interest  of  the  man  who  was  disobedient,  and  also  in  such 
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same  time,  by  reason  of  just  decisions,  retain  the  respect  of  his 
total  organization.  He  should  administer  justice  without  fear 
or  favor,  and  while  the  way  may  be  rough  for  a  while  it  will 
assuredly  smooth  itself  in  due  season ;  and  what  could  be  more 
satisfactory  to  the  head  of  the  steam  division  than  the  positive 
assurance  that  his  assistants  and  men  were  working  in  harmony 
for  their  own  interest,  for  his  interest  and  for  the  interest  of 
their  employers? 

I  claim  that  if  the  head  of  a  steam  division  has  not  the 
ability  to  take  care  of  these  matters  on  these  hnes,  the  organiza- 
tion will  be  far  from  satisfactory  from  the  standpoint  of  good 
service  and  economy.  Almost  any  chief  engineer  can  continue 
to  hire  and  discharge  men  at  short  intervals  and  claim  that  as 
his  only  alternative :  but  if  he  does,  it  is  a  loss  to  his  employers. 

First  Assistant  Engineer 

The  engine-room  is  in  the  immediate  charge  of  the  first 
assistant  engineer,  who  directs  all  of  the  work  from  orders  given 
him  by  the  chief  engineer.  As  he,  of  course,  can  not  be  on  watch 
more  than  the  regular  hours,  unless  in  case  of  emergency,  the 
orders  are  transmitted  by  him  to  the  watch  engineers,  and  in 
absence  of  the  chief  engineer  these  men  have,  in  their  consecutive 
order,  absokite  control  over  every  piece  of  steam  apparatus  and 
the  appurtenances  thereto,  from  the  ends  of  the  crank  shafts  to 
the  outer  end  of  the  circulating  water  intake,  including  all  labor 
incident  to  steam  operation. 

The  first  assistant  and  his  watch  engineers  are  busy  men. 
I  say  "busy,"  because  if  they  are  not  they  are  in  the  wrong 
place,  for  on  these  men  we  place  secondarily  the  responsibility 
of  the  steam  apparatus  and  its  operation.  The  first  assistant  is 
especially  held  responsible  for  economy  of  operation,  both  in  labor 
and  material,  of  the  steam  system.  He  must  notice  and  report 
to  his  chief  any  repairs  needed,  whether  large  or  small,  whether 
it  be  the  keying  of  cranks  or  wrists,  opening  of  cylinders,  adjust- 
ment of  pistons,  packing  leaky  valves  or  glands,  leaky  steam 
lines,  whether  they  be  mains  or  drips;  must  look  after  the  water 
lines;  the  proper  working  of  the  air  and  circulating  pumps;  the 
condensers  and  canals;  the  undue  consumption  of  cylinder  or 
engine   oil    and    waste;   the   oil   system,   and   also,   incidentally 


M 


(^ although  he  has  a  watch  engineer  in  charge  under  him),  must 
notice  and  criticize  the  number  of  boilers  in  line  to  operate  the 
number  of  engines  in  service  when  using  certain  grades  of  fuel ; 
in  fact,  it  is  required  that  he  be  a  man  who  can  think  quickly  and 
not  take  too  much  time  to  execute,  lie  must  be  thoroughly 
conversant  with  every  line  of  steam  and  Wciter  pipe,  every  valve 
and  its  use,  and  what  will  probably  occur  if  misused.  It  is  his 
duty  to  instruct  all  of  the  men  under  his  charge  in  the  working 
of  every  piece  of  apparatus  in  the  steam  system,  and  if  he  is 
found  to  have  inclination  to  dispense  only  such  information  as 
is  absolutely  necessary  for  his  men  to  operate  with,  with  an  idea 
that  he  knows  the  system  as  no  other  man  does,  and  he  thereby 
hopes  to  insure  his  fKSsition  more  permanently,  he  is  not  the  man 
for  the  place,  because  he  is  working  for  his  own  interest  especially 
and  incidentally  only  for  that  of  the  company.  On  the  other 
hand,  he  should  make  especial  efforts  to  have  every  man  under 
him  thoroughly  conversant  with  the  system;  first,  because  it  is 
for  the  best  interests  of  his  employers ;  second,  because  in  a  way 
it  will  lighten  his  own  labors ;  third,  he  will  receive  the  credit 
due  from  his  men.  and  those  men  will  appreciate  his  efforts  to 
place  them  aright  in  their  work ;  and,  last  of  all.  his  chief  will 
appreciate  the  fact  that  he  knows  how  to  work  his  men  and 
produce  results  that  the  company  is  looking  for,  and  this  without 
discontent  in  the  ranks. 

Again,  there  are  cases  of  emergency  when  the  first  assistant 
is  required  to  work  overtime,  and  so  must  his  watch  engineers 
as  well,  and  their  men,  and  here  the  treatment  of  the  men  should 
be  (bought  of.  If  they  are  working  by  the  hour  and  are  allowed 
overtime  they  will  probably  be  satisfied :  if  they  are  working  by 
the  week  and  don't  get  overtime  but  do  get  a  number  of  days  off 
with  salary  each  year,  they  may  feel  that  they  are  losing  some- 
thing by  reason  of  such  emergency.  In  such  an  emergency  my 
instructions  are  to  see  that  the  men  are  well  fed  and  that  they  are 
given  such  reasonable  time  to  recuperate  as  the  load  demands 
on  the  system  will  admit;  and  I  may  say  that  with  this  latter 
method  we  have  no  difficulty. 


Watch  Engineers 

Of  the  watch  engineers  we  must  require  as  nearly  as  p>ossible 
the  duties  of  the  first  assistant,  with  the  addition  that  the  orders 
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of  the  latter,  as  to  work  to  be  done  during  the  hours  he  is  absent. 
are  to  be  strictly  obeyed,  and  the  results  must  show  favorably 
when  he  ag^in  appears  on  watch.  It  is  in  these  cases  particu- 
larly that  good  discipline  among  heads  of  divisions  shows  itself 
prominently,  and  if  it  does  not  exist,  the  repairs  on  apparatus 
will  fail  behind,  and  tittle  by  little  we  shall  begin  to  find  the 
system  in  a  bad  position  and  otie  from  which  it  means  hard  work 
and  long  hours  to  get  back  into  tine. 

The  Oilers 

The  oilers  come  next  in  line  in  the  engine-room,  and  on 
these  men  we  rely  to  keep  the  engines  in  operation  after  once 
started  and  to  know  absolutely  that  the  large  number  of  oil 
feeders  and  grease  cups  found  to-day  on  reciprocating  engines 
are  in  proper  operation.  .'\n  oiler  must  give  immediate  notice 
to  the  watch  engineer  of  any  irregularity  in  the  operation  of  his 
machine ;  must  see  that  he  is  using  enough  oil,  and  not  more  than 
enough,  and  when  his  machine  goes  off  the  line  must  wipe  it  up 
and  clean  it  ready  for  tlie  next  run.  These  men  are  important 
in  their  positions,  whether  the  title  implies  it  or  not,  for  power 
stations,  imlike  steamboats,  can  not  afford  to  shut  down  to  cool 
hot  bearings,  nor  can  we  afford  to  let  the  customers  drift,  as  the 
commander  might  let  the  ship  drift  at  sea  if  emergency  occurred 
ancf  weather  and  sea  room  were  favorable. 

I  con.sider  an  oiler  important  when  the  question  of  hiring 
men  conies  up  in  the  fall.  I  lose  no  opportunity  to  take  the  name 
and  address  of  all  men  who  have  had  experience  in  that  line,  and 
find  such  a  list  very  useful  when  the  fall  load  begins  to  appear. 

We  sliould,  and  on  our  system  we  do,  pay  oilers  who  can 
oil  an  engine  properly  one  rate  of  wages,  and  that  only  to  such 
men  as  are  competent  to  run  the  pumps  when  required  ;  and  with 
beginners  on  the  system  we  practice  the  method  of  moving  them 
along  and  higher  in  the  matter  of  wages  as  they  grow  more  profi- 
cient in  the  work,  and  lose  no  proper  opportunity  to  show  them 
that  proficiency  is  the  one  thing  most  needful,  and  that  such  an 
acquirement,  together  with  a  strict  observance  of  orders  from 
their  watch  engineers,  will  lead  them  to  acquire  the  maximum 
wages  paid  for  that  line  of  labor. 

The  cleaners  come  last  in  the  line  of  engine-room  labor, 
for  in  the  matter  of  repairs  the  first  assistant  and  such  oilers  as 
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are  at  his  command  take  care  of  such  repairs  as  can  be  properly 
done  in  the  station,  while  such  repairs  as  are  heavy,  or  those 
that  require  machine  work,  are  done  by  contract  by  outside 
parties,  our  experience  being  that  this  is  the  least  expensive 
method. 

The  cleaners  should  be  in  evidence  in  every  well-regulated 
power-house,  for  the  reason  that  in  these  days  of  modern  build- 
ings and  machinery  nothing  detracts  from  the  appearance 
of  an  engine-room  more  than  filth.  In  my  opinion,  when  we 
consider  the  vast  number  of  customers  we  serve  and  the  pros- 
pective customers  who  visit  our  power-houses  by  virtue  of  passes 
given  them  from  our  general  offices,  we  can  afford  to  keep  our 
stations  clean  and  add  to  our  reputation  in  worth  niore  than  the 
cost  amounts  to,  and  I  think  any  conservative  central-station  man 
will  agree  with  me.  More  than  this,  the  cleaner  is  a  general- 
utility  man ;  he  is  useful  at  a  great  many  times  when  another 
man  or  two  must  be  had,  and  in  case  of  emergency  we  can,  under 
the  eye  of  the  w^atch  engineer,  have  him  oil  an  engine  or  do  other 
work  not  properly  in  his  line. 

The  Boiler-Room 

We  can  now  take  up  the  operation  of  the  boiler-room,  that 
portion  of  the  system  which  can  be  so  handled  as  to  assist  greatly 
in  paying  dividends,  and  can  also  be  handled  in  such  a  manner 
as  to  be  largely  the  means  of  passing  one.  especially  if  the  coal 
supply  is  uncertain  as  to  quantity  and  quality,  for  in  this  latter 
case  we  must  necessarily  save  at  every  other  point  in  order 
partially  to  make  good  such  deficiency.  Therefore  let  us  at  once 
have  the  fire-room  in  charge  of  a  competent  man  whose 
immediate  superior  is  the  engineer  on  watcli.  We  need  a  man 
for  this  place  who  carries  a  first-class  engineer's  license;  one  who 
has  had  experience  in  the  engine-room  and  thus  understands 
practically  how  the  load  rises  and  falls;  one  who  will  keep  in 
touch  with  the  watch  engineer  and  realize  that  it  is  absolutely 
necessary  that  he  do  keep  in  touch  with  that  man  and  know  as 
far  ahead  of  time  as  is  possible  what  his  future  needs  will  be. 

We  need  in  this  man  abilitv'  to  supervise  repairs  of  all  kinds 
in  the  boiler-room,  including  boilers,  pumps,  headers,  leads, 
valves,  furnace  brickwork,  grates,  and  all  other  items  in  that 
part  of  the  system.     We  want  him  also  to  be  a  man  of  sterling 
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worth  in  the  handling  and  judging  of  men.  We  want  him  to 
realize  that  a  fireman  is  a  man,  and,  as  such,  is  entitled  to  proper 
treatment  at  all  times.  We  want  him  to  have  ability  to  judge 
whether  a  little  encouragement  will  bring  out  the  best  eflforts 
of  tlie  man,  or  whether  it  is  necessary  in  order  to  obtain 
such  efforts  to  place  the  man  strictly  on  the  line  and  make  him 
understand  what  results  he  must  obtain  if  he  stays  on  the  pay-roll. 
We  want  him  to  be  obedient  to  his  superior  and  be  able  when 
he  goes  off  watch  to  have  his  work  laid  out  to  cover  the  time  until 
he  again  appears;  such  a  man  as  I  describe  should  receive  the 
same  salary  as  a  watch  engineer,  not  because  he  ranks  as  high 
in  the  line,  but  because  he  can  earn  the  money. 

The  Water  Tenders 

Next  come  the  water  tenders,  who  are  in  charge  of  the 
fire-room  watches  when  the  foreman  is  off  watch  and  who,  in 
such  periods,  are  immediately  responsible  to  the  watch  engineers, 
and  have  a  quota  of  firemen  under  their  charge,  as  well  as  all 
other  men  of  the  fire-room  force.  The  water  tender  may  be 
apparently  perfectly  competent  to  occupy  his  position  by  reason 
of  his  coming  to  you  with  a  proper  license  and  a  long  list  of 
recommendations  from  former  employers,  but  the  question  will 
arise  as  to  whether  he  will  fill  his  proposed  position  as  follows : 
Will  he  pay  strict  attention  to  the  instructions  given  him  by  the 
foreman  of  the  fire-room,  or  the  watch  engineer,  if  that  man  be 
in  charge,  as  to  the  probable  demand  for  steam  ;  does  he  watch 
his  boiler  feed  and  regulate  his  boiler  feed- water  apparatus  so 
that  with  a  heavy  demand  he  is  not  caught  with  water  too  low. 
and  then  when  absolutely  obliged  put  in  water  in  larger  quantities 
than  usual,  causing  his  firemen  to  do  some  very  heavy  work 
and  probably  some  uneconomical  firing,  a  few  repetitions  of 
which  will  cause  complaint  and  discontent  among  his  men?  And, 
from  the  other  point,  does  he  pay  attention  to  the  decreasing 
load  and  work  the  water  up  to  the  proper  point,  and  go  along 
the  line  and  watch  the  depth  of  the  fires,  and  instruct  his  men, 
as  per  his  instructions  from  the  watch  engineer,  that  the  load  is 
"going,"  and  to  avail  themselves  of  the  opportunity  to  clean  fires, 
to  fire  light,  or  bank,  or  both?  Docs  he  watch  the  steam  leaks 
within  the  limits  of  his  portion  of  the  boiler-room,  and  does  he 
see  the  small  repairs  needed  and  report  them  to  the  engineer  of 
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the  watchj  even  though  he  feels  sure  that  the  engineer  knows  of 
those  matters?  And.  finally,  has  he  the  interests  of  the  company 
in  view?  If  he  does  not  properly  deal  with  these  items  he  is  not 
the  kind  of  water  tender  we  want,  no  matter  what  his  abi]it>' 
actually  is.  It  is  extremely  imp>ortant  that  the  watch  engineer 
take  particular  notice  of  the  water  tender,  not  only  as  to  his 
ability  to  perform  his  proper  duties,  but  also  as  to  his  inclinations, 
and  report  to  his  superior  if  the  man  is  delinquent  in  any  way. 

The  Firemen 

The  firemen  are  those  of  the  force  whom  we  must  select 
with  care,  for  the  type  we  need  must  have  had  exf)erience,  and 
must  have  judgment  and  be  reliable.  That  is  to  say.  we  can 
not  afford  to  have  a  man  with  us  who  is  afflicted  with  pay-day 
sickness.  We  want  him  eight  hours  a  day  seven  days  a  week, 
and  I  am  glad  to  say  we  have  a  large  number  of  this  kind  who 
like  their  positions  well  enough  to  work  steadily  for  the  periods 
mentioned  above.  We  want  men  who  will  obey  the  instructions 
given  them  by  their  superiors,  and  those  who  are  free  from 
connection  with  any  organization  that  would  interfere  with  men 
that  are  getting  satisfactory  wages  and  treatment  and  are 
contented.  We  want  men  who,  when  occasion  requires,  will 
hand-fire  2000  pounds  of  coa!  an  hour,  and  do  so  for  several 
hours,  if  necessary.  We  want  men  who  will  burn  coal,  and  not 
simply  dispose  of  it ;  men  who  will  use  judgment  in  both  firing' 
and  cleaning  fires,  and  if  the  plant  is  using  stokers  of  the  type 
we  use  on  our  system,  it  is  of  the  greatest  importance  that  he 
should  watch  the  coal  as  it  comes  to  him  and  regulate  the  depth  of 
the  feed  and  the  speed  of  the  grate  in  accordance  with  both  the 
quality  of  the  fuel  and  the  demand  for  steam  as  his  best  judgment 
dictates,  and  act  promptly  on  instructions  given. 

Firemen  are  a  class  of  men  who  must  of  necessity  do  very 
hard  work,  and  tliey  are  also  a  class  of  men  upon  whom  the 
power  stations  are  to  a  large  degree  dependent  for  their  continu- 
ous operation.  Both  of  these  facts  should  be  taken  into  careful 
consideration,  especially  as  to  the  treatment  of  these  men,  and  as 
to  the  wages  paid  them — two  items  which  should  be  uniform 
throughout  the  fire-room ;  I  mean  by  this,  that  all  first-class 
licensed  firemen  should  receive  the  same  wages:  not  because  a 
man  comes  to  vou  with  a  license,  nor  because  he  claims  he  is  first- 
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class,  but  I  mean  that  he  should  go  on  the  pay-roll  at  your  stated 
rate  for  first-class  men  in  his  line,  and  it  is  for  the  water  tender, 
or  other  higher  authority,  to  determine  in  the  first  few  days 
whether  or  not  the  man  can  substantiate  his  claim.  If  it  is 
found,  after  due  trial,  that  he  can  not  perform  his  portion  of  the 
work,  then  he  is  not  entitled  to  the  rate  of  wages  that  the  others 
are  who  can.  Shall  we  then  tell  him  that  he  must  work  for  less 
wages?  I  say  nOj  but  rather  take  him  off  the  pay-roll  and  tell 
him,  in  a  proper  manner,  why  he  is  taken  off,  and  at  the  same 
time  eliminate  any  chance  for  the  others  to  argue  on  dififerenl 
rates  of  wages  and  the  comparison  of  abilities.  In  other  words, 
I  don't  want  a  new  man  to  come  on  the  pay-roll  and  stay  there 
unless  he  can  handle  the  work  as  well  and  to  the  same  amount 
as  his  fellows,  and  I  want  but  one  rate  of  wages  for  firemen,  and 
that  a  fair  one,  and  the  man  who  proposes  to  earn  that  rate  must 
be  equal  in  ability  to  any  who  are  classed  under  the  rate. 

As  to  the  treatment  of  the  men  as  a  whole,  I  have  learned 
by  experience  that  a  small  amount  of  favoritism  made  apparent 
in  the  fire-room  can  and  will  cause  discontent  and  a  tendency  to 
avoid  the  regpular  amount  of  work  due  to  be  performed  by  each 
man,  because  an  idea  is  harbored  to  the  effect  that  the  other 
fellow  is  having  an  easier  time ;  as,  for  instance,  a  water  tender 
may  so  conduct  his  watch  as  to  make  the  following  watch  clean 
fires  when  his  watch  should  have  done  it,  which  entails  on  the 
men  following  a  larger  amount  of  work  than  they  should  per- 
form, and  also  causes  the  latter  to  use  an  amount  of  coal  not  in 
proper  comparison  with  the  load  on  the  system  during  the  time 
they  are  handling  the  fires.  Such  matters  should  result  in  a  hasty 
but  nevertheless  thorough  investigation,  the  facts  shotdd  be 
gotten  at,  and  those  guilty  of  such  practice  should  receive  positive 
assurance  of  what  would  happen  if  a  repetition   should  occur. 

I  may  add  that  we  try  to  operate  fire-rooms  as  closely  as  is 
possible  on  this  basts,  and  that  we  find  no  trouble  in  placing 
first-class  help  in  this  line  in  front  of  the  fires.  We  have  good 
men  go  off  the  pay-roll  in  the  spring,  when  the  load  falls  off,  who 
leave  us  with  good  feeling,  and  by  early  autumn  we  have  many 
of  them  back  again  looking  for  their  old  jobs,  as  they  know  by 
experience  when  the  load  begins  to  rise  and  more  men  are 
required. 
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The  Coal  Passers 

Last  among  the  men  classed  as  boiler-room  help  come  the 
coal  passers.  On  these  men  we  depend  not  only  for  handling  coal 
but  for  the  cleanliness  of  the  room,  and  although  it  is  a  hard 
place  to  keep  clean,  it  can  be  done  to  a  degree  that  is  eminently 
satisfactory  to  all  who  enter  it.  A  little  spare  time  on  each  watch, 
especially  on  Sundays  and  holidays,  when  the  load  is  below 
normal,  can  be  used  in  a  manner  not  to  cause  reflection  as  to 
c.vpense  and,  at  the  same  time,  make  even  the  men  who  work  in 
the  room  feel  a  sense  of  content,  while  a  like  feeling  could  not 
obtain  in  a  fire-room  which  contained  the  dirt  and  filth  of  months 
of  accumulation,  with  no  prospect  of  its  ever  becoming  any  better. 

THE  ELECTRICAL  DIVISION 

We  can  now  take  up  the  other  half  of  the  system,  so  to 
speak,  or  the  electrical  portion.  This  part  of  the  organization 
is  divided  into  six  parts,  as  the  classification  page  indicates. 
We  depend  on  this  portion  of  the  labor  system  for  many 
iYnportant  items  of  operation,  the  most  important  of  which  are: 

First,  a  uniform  pressure  at  the  feeder  terminals  throughout 
the  entire  system. 

Second,  the  proper  and  economical  loading  of  machinery 
under  the  charge  of  ihe  division ;  and, 

Third,  we  hold  this  division  responsible  for  the  welfare  of 
all  electrical  machinery,  which  must  be,  so  far  as  possible,  always 
ready  for  operation. 

I  may  say  that  all  repairs,  except  minor  ones,  in  the  division 
are  done  by  outside  parties.  With  the  modern  stations  of  to-day 
operating  lighting  and  stationary  motors  and  other  low-tension 
apparatus,  at  the  same  time  delivering  alternating  current  to 
substations,  there  is  involved  a  vast  amount  of  apparatus,  due  to 
the  fact  that  we  must  have  as  much  flexibility  as  possible.  We 
must  also  have  several  ways  of  attaining  the  same  object,  as  to  the 
delivery  of  current,  in  order  to  safeguard  our  customers  against 
interruption  of  service  and,  incidentally,  preserve  our  reputation 
for  being  a  reliable  concern  to  deal  with.  It  follows,  then,  that  we 
need  in  a  chief  operator  a  man  who  is  absolutely  reliable,  pref- 
erably one  who  has  come  up  from  the  ranks  and  has  long  since 
become  acquainted  with  the  practical  side  of  operation;  one  who 
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realizes  and  instills  into  the  minds  of  his  assistant  and  men  that 
one  of  their  most  important  duties  is  so  to  manipulate  the  load 
with  reference  to  machines  to  be  operated  that  all  units  will  be 
loaded  to  just  as  near  the  most  economical  operating  point  as 
it  is  possible  to  have  them  under  the  existing  conditions.  He 
must  at  all  times  be  in  close  touch  with  the  chief  engineer  and, 
so  far  as  possible,  give  the  steam  division  advance  notice  of  his 
probable  demand  for  steam  units,  thereby  giving  everybody  a 
chance  to  be  ready,  and  giving  the  customer  the  opportunity  to 
verity  our  claim  that  we  are  at  all  times  ready  to  supply  current. 
Above  all  other  things,  he  must  have  and  use  good  judgment 
in  the  selection  of  his  men  and  the  treatment  of  them,  and  must 
conduct  his  division  in  a  manner  that  will  not  only  produce 
satisfactory  service,  but  will  be  conducive  to  contentment  among 
his  men  and  will  secure  for  himself  their  confidence  and  respect; 
which  once  secured  and  properly  held  will  be  a  large  factor  in 
maintaining  what  is  as  nearly  as  possible  ideal  operation. 

He  should  always  follow  the  system  of  hiring  new  men  at 
the  lower  end  of  the  line,  and  moving  those  who  have  acquired 
a  degree  of  proficiency  along  to  a  proper  position  in  accordance 
with  such  proficiency,  thereby  giving  them  the  encouragement  of 
understanding  that  the  greater  their  proficiency  the  more  valuable 
their  services  will  become  to  the  company,  up  to  a  certain  limit  in 
that  line  of  work. 

Assistant  Operator 

The  assistant  to  the  chief  operator  must  be  a  man  who  can 
assist  his  superior,  and  to  that  end  he  must  be  thoroughly  familiar 
with  all  of  the  electrical  apparatus  in  the  division.  He  must  be 
able  to  occupy  the  position  of  the  chief  operator  when  necessary ; 
in  fact,  he  must  be  a  first-class  imderstudy,  and  must  realize  the 
fact,  too,  or  he  will  lose  to  some  degree  the  sense  of  his  respon- 
sibility. He  should  circulate  among  the  substations  and  correct 
and  report  any  irregularity  noticed  in  machines  or  operators ; 
in  fact,  he  should  keep  his  superior  constantly  in  touch  with  such 
details  as  do  not  come  immediately  under  the  notice  of  the  chief 
operator,  and  in  cases  of  emergency  should  come  at  once  to  the 
station  and  be  ready  to  assist  if  needed. 

The  assistant  should  also  be  extremely  careful  about  the 
placing  of  his  orders  with  the  men,  and  in  matters  outside  of 
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absolute  routine  place  no  orders  without  the  consent  of  his 
superior;  many  mistakes  are  avoided  if  every  one  concerned  is 
conversant  with  what  is  to  be  done,  and  with  our  means  of 
communication  in  these  days,  not  much  time  need  be  lost  in 
giving  notice. 

IVatch  Operator 

The  heads  of  watches  should  be,  and  necessarily  are,  men 
who  have  come  up  the  line  and  who  understand  all  the  electrical 
combinations  that  can  be  made  with  machines,  switches  and  lines 
throughout  the  system  ;  if  they  are  not,  ihey  should  not  occupy 
that  position,  nor  should  tliey  in  any  case  until  we  know  by 
actual  experience  that  they  have  the  ability  described  above. 

To  tliese  men  we  accord  the  highest  wages  paid  in  the 
division,  with  the  exception  of  those  of  the  chief  operator  and 
his  assistant,  and  we  make  them  uniform  in  all  power  stations 
of  the  system.  By  this  method  of  making  men  fit  the  position 
before  they  occupy  it,  we  secure  the  abiiity  we  desire,  and  after 
it  has  been  proven  beyond  doubt  by  a  previous  practical 
experience.  It  is,  in  my  opinion,  a  serious  mistake  to  class  men 
alike  for  the  sole  reason  that  they  have  worked  practically  side 
by  side  on  the  system  for  a  period  of  time.  I  say,  pay  the  man  m 
accordance  with  what  he  can  deliver  to  you  in  brains  or  manual 
labor  equivalent.  I  admit  that  the  man  who  can  not  deliver  the 
first-named  portion  of  a  working  man's  capital,  and  won't  deliver 
the  last  item,  may  conclude  to  get  off  the  pay-roll  and  identify 
himself  with  some  organization  or  other  which  may  demand  that 
all  of  its  members  receive  the  same  wages.  If  he  does  this,  it 
is  his  affair ;  but  we  can  not  afford  to  pay  the  same  price  for 
ignorance  and  neglect  that  we  can  for  ability,  aided  by  push  and 
a  desire  for  further  knowledge.  In  making  this  statement  I  do 
not  mean  to  cast  any  reflection  on  a  man  who  may  have  less 
abilit>'  than  others,  but  instead  to  speak  from  a  purely  business 
point  of  view,  and  I  repeat,  that  the  chief  operator  when  hiring 
men  should  be  particular  to  move  along  the  best  ones,  and  be 
still  more  particular  when  he  takes  in  his  green  workmen  to 
observe  to  the  best  of  his  ability,  and  satisfy  himself  thereby,  of 
the  apparent  future  value  of  the  men.  This  is  the  proper  method 
to  adopt  in  order  to  keep  the  organization  up  to  standard :  that  is 
to  say,  it  is  the  proper  beginning,  and  let  it  extend  down  to  the 
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end  of  the  line,  even  to  the  cleaners,  for  there  are  good  cleaners 
and  bad  ones,  especially  on  electrical  machinery. 

Storage-Battery  Division 

Of  the  organization  to  operate  storage  batteries,  I  wtU  say 
I  believe  that  the  cheapest  man  to  have  at  the  head  is  one  who 
is  both  technical  and  practical  in  that  line  of  work,  and  that  he 
should  be  possessed  of  the  same  qualifications  as  are  necessary 
in  other  heads  of  divisions  with  reference  to  handling  men ;  but 
there  is  this  to  add,  that  it  is  seldom  that  men  will  work  in  the 
general  line  of  storage-battery  repairs  for  any  considerable 
length  of  time,  in  that  such  work  is  not  of  the  sort  that  attracts 
the  average  man,  and  they  do  not  stay  long  enough  to  actually 
show  of  what  value  they  might  be  after«  a  reasonable  period  of 
service. 

Head  of  Department 

I  have  refrained  from  speaking  of  the  head  of  the  generating 
system  and  the  assistant  to  that  person,  for  the  reason  that  it 
seemed  to  me  proper  to  look  over  what  there  was  in  the  nature 
of  organization  and  operation  that  the  head  and  his  assistant 
were  called  upon  to  look  after.  I  now  say  that  the  head  of  the 
department  has  responsibilities  as  follows: 

First — The  very  important  one  of  the  organization  of  his 
department.  If  that  be  correct,  or  as  nearly  so  as  conditions  will 
jiermit,  the  operating  responsibility,  broadly  speaking,  will  not 
seem  as  serious  to  the  head  of  the  department  as  it  would  under 
the  more  unfavorable  condition  of  lax  discipline  in  the  handling 
of  heads  of  divisions  and  men  who  have  severalty  decided  that 
the  head  of  the  department  is  in  his  position  for  the  sole  purpose 
of  bearing  his  title  instead  of  directing  the  operation  of  the 
generating  system.  He  should  not  only  pass  his  orders  on  opera- 
tion to  his  assistant,  but  in  addition  should  see  to  it  that  they  are 
carried  out.  He  should  carefully  observe  the  result,  anri  be  ready 
to  devise,  if  possible,  methods  of  saving  to  his  several  accounts, 
as  the  total  of  these  will  represent  his  total  generating  cost.  He 
should  not,  however,  overdo  the  looking  after  of  small  details, 
for  several  reasons.  First,  because  he  has  an  assistant  and 
several  heads  of  divisions,  who  occupy  positions  and  are  paid 
salaries  for  the  purpose  of  looking  out  for  that  portion  of  die 


'3° 


business ;  and  if  they  don't  do  it  and  relieve  him  in  that  direction, 
then  either  the  organization  or  the  discipline  or  both  are  not 
correct,  and  it  is  absolutely  useless  for  him  to  expect  to  proceed 
on  a  successful  basis  until  his  own  error,  whether  caused  by 
neglect  or  otherwise,  is  corrected,  and  his  people  understand  in  a 
thorough  manner  that  the  head  of  the  department  is  there  to 
direct  its  operation. 

The  head  of  the  department  should  also  keep  in  touch  with 
the  intentions  of  his  heads  of  divisions  relative  to  their  liiring  of 
men,  and  not  only  confer  with  them  in  a  general  way  on  such 
matters,  but  lay  down  a  rule  that  men  connected  in  any  way  with 
matters  detrimental  to  the  interests  of  the  corporation  should 
not  be  hired  in  any  event.  He  should  include  in  such  a  rule  a 
stipulation  that  if  men  of  such  type  get  inside  the  organization 
notwithstanding  proper  precaution  has  been  taken,  they  should 
be  relieved  from  further  connuction  with  the  department  at  once 
and  be  replaced  by  men  of  a  different  class. 

I  have  found  by  some  years  of  experience  that  to  pay  one 
line  of  work  a  standard  wage,  whether  it  be  luwcr  or  higher 
than  the  so-called  "union"  scale,  is  productive  of  more  content- 
ment atid  better  sentimctit  toward  the  employer  than  anything 
else  I  know  of;  but  in  order  to  do  this  consistently  we  must,  as 
I  have  mentioned  before,  be  careful  to  select  a  class  of  men  who 
are  very  nearly  alike  with  reference  to  the  amount  and  quality 
of  work  which  they  can  perform.  Such  a  thing  can  be  done 
easily,  as  I  know  by  actual  experience. 

It  does  not  seem  necessary  to  say  that  the  head  of  the 
-department  should  not  absent  himself  from  the  system  or  from 
his  office  for  any  length  of  time  without  giving  notice  where 
he  can  be  found  in  case  of  emergency,  and  the  assistant  and  heads 
of  divisions  should  be  required  to  observe  the  same  rule;  for 
while  such  a  rule  may  seem  to  be  somewhat  of  a  hardship  at  first, 
on  second  thought  we  can  easily  imagine  cases  where  it  would 
be  most  unfortunate  not  to  be  able  to  avail  oneself  of  the  services 
of  one  of  the  best  men  in  his  department  just  because  one  is 
imabfe  to  locate  him  ;  and  besides,  such  a  rule  removes  any  chance 
of  inference  being  drawn  which  might  be  detrimental  to  the  man. 

The  head  of  the  department  has  at  times  to  go  farther  than 
his  office  to  get  at  the  reason  of  the  rise  in  some  account  which 
seems   abnormal.      He   must,   after   exhausting  other   methofls. 
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simply  get  in  and  dig  it  out;  get  the  reason,  and  see  if  it  is  a 

proper  one,  and  i£  not,  apply  the  remedy.  If  the  reason  is  proper 
he  is  entitled  to  rest  content,  because  he  has  assured  himself  that 
the  rise  in  the  account  is  not  the  result  of  reckless  expenditure; 
if  he  finds  a  poor  reason,  he  will  strengthen  his  organization  by 
taking  the  matter  up  with  the  proper  party  and  going  into  it  in  a 
manner  that  can  not  be  misunderstcwDd,  and  show  where  it  is  to 
the  advantage  of  all  concerned  to  make  that  expense  nearer  the 
proper  amount. 

It  sonietitnes  happens  that  fiifliculty  occurs  between  some 
of  the  men  and  their  superior,  in  which  tlie  man  from  the  ranks 
feels  that  he  has  been  misused :  that  his  superior  has  been  too 
hard  on  him  because  his  advantage  of  position  has  given  Ivim 
the  privilege.  In  such  cases,  after  the  man  has  taken  his  trouble 
to  the  chief  of  his  division  and  even  then  feels  that  he  has  a 
grievance,  I  believe  it  to  be  good  policy  to  allow  him  to  see  the 
head  of  the  department  as. a  last  resort;  for  the  head  to  call  in 
alt  parties  concerned  at  one  time  and  hear  the  several  stories, 
one  at  a  time,  and  decide  the  matter.  Of  course,  if  the  superior 
has  used  his  position  properly  there  can  be  but  one  result ;  if  he 
has  not,  and  vou  have  to  {lecidc  the  man  is  not  to  blame,  then  Ijc 
sure  you  have  that  man  understand  beyond  a  doubt  that  he  can 
not  and  must  not  mistake  a  just  decision  for  a  license  to  disobey 
in  the  future,  but  that  he  is  bound  to  work  for  and  obey  the  same 
superior,  just  as  much  as  he  was  previous  to  the  time  when  the 
difficulty  occurred. 

It  therefore  seems  that  there  are  a  good  many  places  where 
the  head  of  the  de[>artment  can  put  in  his  services  and  benefit 
the  organization,  and  if  he  can  find  the  necessary  time  to  walk 
out  and  through  his  system,  even  though  he  does  not  speak  at  all. 
no  doubt  he  can  see  spots  that  will  bear  criticism,  and  it  is  for 
him  to  note  them  and,  as  I  said  before,  "apply  the  remedy." 

For  the  head  of  a  department  to  say  to  himself,  "We  are 
now  organized  and  operating  satisfactorily,  there  is  nothing  morq 
in  that  line  at  present,"  is  a  rash  statement  even  to  himself,  as  he 
will  soon  find  out  if  he  does  not  watch  what  he  has  tried  to  put 
together  so  carefully.  To  watch  the  organization,  and  constantly. 
too,  is  what  is  in  a  large  degree  necessary  to  the  attainment  of 
a  low  cost  per  kilowatt-hour. 
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Assistant  Head  of  Department 

And  now  about  the  assistant  to  the  head  of  the  department. 
We  will  assign  to  that  individual  the  duty  of  placing  with  the 
heads  of  the  several  divisions  the  orders  given  by  the  head  of  the 
department.  We  will  ask  him  to  sec  that  the  electrical  instru- 
ments, steam  gauges,  and  all  other  indicating  apparatus,  are  kept 
at  proper  standard ;  to  know  whether  the  engines  have  been 
indicated  ;  to  keep  in  touch  with  the  load,  and  the  time  of  demand 
for  the  same,  at  its  highest  point  and  its  lowest  point  as  well, 
and  thereby  be  enabled  to  suggest  the  advisability  of  changing 
the  load  from  one  station  to  another,  with  a  view  to  obtaining 
the  best  economy  possible  with  the  fuel  and  water  consumed  and 
the  expenditure  for  labor ;  lo  check  the  amounts  of  fuel  consumed  ; 
to  check  and  comment  on  the  grade  of  fuel,  and  kick  on  the 
quality  if  necessary. 

The  assistant  to  the  head  of  the  department  must  necessarily 
be  a  man  of  technical  ability  and  be  able  to  take  up  the  items 
heretofore  set  forth  on  that  basis :  for  among  the  many  smal) 
items,  which  when  taken  as  a  whole  tend  to  lower  the  economy 
of  operation,  there  are  usually  many  that  require  analysis,  and 
such  analysts  calls  for  the  services  of  a  man  who  is  well  versed 
in  technicalities  and  who  can  get  down  to  the  bottom  facts  of 
such  matters  easily  and  quickly  and  open  the  way  to  apply  the 
proper  remedy. 

He  will  also  act  for  the  head  of  the  department  in  his 
absence,  and  follow  closely  and  report  any  irregularities  in 
operation,  machinery  or  labor;  and  it  is  the  duty  of  the  head 
of  the  department  to  invest  his  assistant  with  such  authority  as 
will  enable  him  to  perform  such  duties  in  a  clear  and  intelligent 
manner,  with  the  only  stipulation  that  his  treatment  of  all  the 
parties  concerned  shall  be  of  a  kind  that  will  stimulate  good 
feeling  in  the  department  and  at  the  same  time  not  interfere  in 
any  manner  with  good  discipline. 

In  fact,  the  duties  of  the  assistant  lo  the  head  of  the  depart- 
ment are  manifold,  and  of  great  value  if  properly  performed. 
He  is  in  his  position  the  second  in  the  amount  of  responsibility 
taken,  and  should  most  fully  realize  it  and  endeavor  to  protect 
that  position  with  his  ability  to  look  into  the  futitre  far  enough 
to  warrant  that  the  service  of  the  company  will  not  suffer  and 
that  the  expenditure  made  lo  manufacture  the  output  will  be  as 
low  as  is  consistent  with  good  service  and  operation. 
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In  the  foregoing  matter  I  have  endeavored  to  place  before 
the  association  an  outline  of  the  generating  department  organiza- 
tion of  the  Boston  Edison  company ;  and,  finally,  I  wish  to  say 
that  whatever  success  we  have  attained  in  this  direction  has 
been  due  to  eflForts  to  secure  a  close  and  constant  co-operation 
throughout  the  department ;  to  the  maintaining  of  a  discipUne 
which  has  been  necessary  and  warrantable,  but  which  has  been 
established  and  maintained  with  justice  and  tempered  by  kindness. 
In  other  words,  there  has  been  the  disposition  on  the  part  of  the 
company  and  of  the  department  to  show  every  employee  that  his 
position  had  a  value  both  to  the  company  and  to  himself;  to  show 
that  the  value  of  the  position  to  the  employee  was  what  the 
employee  himself  could  make  it,  aided  by  the  counsel  and  instruc- 
tion of  the  superior  who  held  his  services  in  immediate  charge ; 
and  to  show  that  by  paying  a  imiform  rate  of  wage  for  a 
uniform  quality  and  quantity  of  labor  in  every  line,  the  company 
had  adopted  a  treatment  of  its  men  conducive  to  contentment 
and  was  reasonable  in  assuming  and  expecting  it. 


DISCUSSION 

The  President:  Gentlemen,  you  have  heard  the  paper; 
have  you  any  remarks  to  make  upon  it? 

Mr.  W.  B.  Jackson  {Madison,  Wis,) :  It  seems  to  me  that 
such  a  paper  should  be  given  further  commendation  than  the 
mere  applause  of  this  audience,  because  the  author  ably  con- 
siders a  feature  of  station  operation  that  is  of  great  importance, 
not  only  to  those  operating  large  plants,  but,  as  I  follow 
Mr.  Hancock's  paper,  it  is  such  that  those  interested  in  all  plants, 
large,  small  and  intermediate,  may  benefit ;  especially  considering 
the  suggestive  characteristics  in  the  author's  treatment  of  the 
subject. 

One  point  worthy  of  note  Mr.  Hancock  did  not  bring  out, 
though  I  feel  that  he  probably  intended  to  do  so.  In  his  refer- 
ence to  the  keeping  of  the  plant  clean,  he  spoke  of  its  value  to 
the  company  owing  to  the  effect  a  cleanly  appearance  would  have 
upon  visitors  who  might  be  future  purchasers  of  power,  and 
even  upon  present  customers,  in  giving  evidence  of  a  concern 
capable  of  supplying  reliable  service.  Not  only  is  there  a  bene- 
fit of  this  character  derived  from  keeping  a  plant  clean  and 
orderly,  but  the  morals  of  employees  will  also  be  improved  and 
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their  work  be  much  more  effective.  This  is  obvious  from  the 
fact  that  when  one  enters  a  dirty  plant  one  finds  slovenly 
employees  and  upon  entering  a  clean,  orderly  plant  one  sees 
bright,  energetic  employees,  who  are  interested  in  their  work 
and  who  appreciate  their  responsibilities. 

Mr.  a.  H-  Kruesi  (Schenectady,  N.  Y.)  :  There  seems  to  be 
a  conflict  between  the  policies  indicated  on  pages  1:24  and  128  in 
regard  to  the  wages  of  the  men.  Emphasis  is  laid  on  the  impor- 
tance of  paying  firemen  a  uniform  wage,  whereas  a  contrary 
policy  is  apparently  followed  with  regard  to  the  electrical 
operators.    The  reason  is  not  apparent. 

Mr.  Hartman:  I  ask  Mr.  Hancock — if  ts  not  too  leading 
a  question — the  cost  of  labor  per  kilowatt-hour  in  his  steam 
and  electrical  departments. 

Mk.  Hancock:  T  did  not  bring  these  figures  with  me  to  the 
meeting,  but  I  have  them  in  the  house  and  shall  be  glad  to  give 
them  to  you  at  any  time.  I  do  not  tr\'  to  carry  these  costs  in 
my  memory.    They  are  all  figured  on  the  kilowatt-hour  basis. 

In  answer  to  Mr.  Kruesi's  question,  that  is  a  case  of  the 
firemen  and  the  employees  in  the  operating  department.  We 
do  not  hire  any  beginners  for  firemen.  We  hire  a  fireman  at 
$16  a  week,  and  if  he  is  not  worth  that  we  do  not  want  him.  In 
the  case  of  operators,  we  take  them  in  as  low  as  $10  a  week  and 
move  them  up  as  fast  as  we  can.  They  begin  at  the  bottom  of 
the  line. 

Mr.  Orville  A.  Honnold  (Salt  Lake  City,  Utah):  I  ask 
if  the  firemen  and  operators  are  kept  interested  in  any  way  in 
the  results  of  their  work. 

Mr.  Hancock:  They  are. 

Mr.  Honnold:  I  find  it  a  good  scheme  to  keep  a  curve  of 
the  cost  of  the  different  departments  and  show  the  men  these 
curves  and  let  them  see  whether  they  are  increasing  or  decreasing 
costs.  In  our  case  they  take  pride  in  keeping  the  curve  tending 
down  hill.    This  can  be  done  without  giving  them  actual  figures. 

Mr.  Hancock:  Nearly  all  my  operators  and  chief  engi- 
neers know  about  these  things  every'  month,  and  they  know  about 
it  in  dollars  and  cents— they  see  how  mucii  they  are  saving  or 
losing. 

Mr.  Hartman  :  There  is  one  question  I  will  ask — it  is  rather 
a  delicate  one.     Mr.  Hancock  speaks  a  number  of  times  about 
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labor  troubles — about  the  unions.  My  experience  shows  that 
where  the  men  are  well  paid  and  well  treated  the  trouble  gener- 
ally comes  from  the  outside  and  not  from  the  men  themselves. 
I  should  like  to  know  what  Mr.  Hancock's  practice  is  in  dealing 
with  those  cases. 

Mr.  Hancock:  I  have  not  a  union  man  on  my  pay-roll.  I 
do  not  want  him  there  and  I  do  not  need  to  have  him  there,  for 
the  reason  that  we  pay  a  higher  scale  of  wages  than  the  union. 
Furthermore,  I  consider  my  men  are  far  above  the  average  of 
men  who  are  in  the  unions  to-day.  That  is  why  I  said  I  did 
not  want  a  fireman  worth  less  than  $i6  a  week.  The  union  scale 
in  Boston  is  $14  a  week.  The  delegates  of  the  union  call  upon 
me  and  when  I  tell  them  we  are  paying  a  better  scale  of  wages 
than  they  are,  and  as  a  rule  we  have  a  better  class  of  men,  they 
have  nothing  to  say. 

Mr.  Scovil:  Is  it  true  that  there  is  no  union  labor  in  the 
Boston  station? 

Mr.  Hancock  :   It  is  a  fact. 

Mr.  Scovil:  I  know  it  is  one  of  the  most  difficult  things 
to  keep  the  linemen  out  of  the  unions.  A  lineman  in  the  ordi- 
nary electric-light  station  is  obliged  to  go  all  over  the  city,  and 
he  is  frequently  accompanied  by  but  one  or  two  associates.  In 
our  town  the  telephone  companies  are  employing  union  labor, 
and  as  a  rule  it  has  been  difficult  for  us  to  maintain  our  inde- 
pendence, but  we  have  succeeded  in  keeping  our  linemen  from 
becoming  union  men.  It  was  done  only  by  paying  more  wages 
than  they  could  get  as  union  men.  Our  efforts  in  this  direction 
resulted  in  considerably  shutting  down  some  new  work  at  one 
season  of  the  year.  Good  wages  alone  will  sometimes  help  a 
company  in  keeping  unif»n  labor  out  of  the  plant. 

Mr.  Dunham  :  For  the  last  three  years  we  have  given  our 
men  an  annual  dividend  of  six  per  cent  on  the  total  of  their 
year's  wages,  and  there  has  never  been  an  opening  for  a  union 
man  since  we  did  that. 

The  President:  We  will  now  take  up  the  report  of  the 
committee  for  the  investigation  of  the  steam  turbine,  of  which 
Mr.  W.  C.  L.  Eglin,  of  Philadelphia,  is  chairman. 
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Mr.  Eglin  presented  the  following  report: 

REPORT    OF    THE     COMMITTEE     FOR    THE 
INVESTIGATION  OF  THE  STEAM  TURBINE 


Mr.  President  and  Members  of  the  National  Electric  Light 
Association: 

Your  comniittce  has  endeavored  to  keep  in  touch  with  the 
progress  made  in  steam  turbine  practice  during  the  past  year,  and 
has  visited  a  number  of  plants,  besides  being  in  comtnunication 
with  the  manufacturers.  Letters  have  been  sent  to  all  of  the  users 
of  steam  turbines  in  central  stations  in  the  L'nited  States  who  have 
turbines  operating  generators  under  regular  load.  Inquiry  has 
also  been  made  of  certain  isolated  plants  which  are  operating  fair- 
sizeii  units. 

The  committee  also  visited  the  works  of  the  General  Electric 
Company  at  Lynn  and  Schenectady.  Westinghouse  Machine  Com- 
pany at  f'ittsburg,  and  the  Hoovcn-C)vvens-Rentsehler  Company, 
Hamilton,  U.,  and  discussed  with  the  engineers  of  these  companies 
those  subjects  which  came  to  the  attention  of  the  committee,  and 
iii  its  judgment  deserved  consideration. 

The  marked  improvements  in  the  manufacture  and  the  great 
developmt-nt  of  the  steam  turbine  during  the  past  year  must  be 
noticeable  to  even  the  most  casual  observer. 

The  best  index  of  progress  made  in  steam  turbines  is  shown 
by  the  number  of  turbines  now  installed,  or  manufactured  ready 
for  installation.  There  are  in  operation  224  turbines,  of  an  aggre- 
gate capacity  of  over  350,000  horse-power  in  the  larger  size  units 
in  tlte  L'nited  States,  the  greater  number  of  which  have  been  in- 
stalled within  the  past  two  years.  The  following  list  shows  the 
number  of  machines  installed  and  their  location : 

5000- Kw 

2  The  Edison  Elcc.  IH'g  Co.,   Boston,  Mass. 

3  The   New   York  Edison   Co.,  New  York. 
3     Chicago  Edison   Co.,   Chicago.   III. 

2    St.  Louis  Transit  Co.,  St.  Louis,  Mo. 
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3000-Kw 

Edison  lU'g  Co.  of  Detroit.  Detroit,  Mich. 
United  Elec.  Co.  of  New  Jersey,  Newark,  N.  J. 


'37 


2000-Kw 

Potomac  Elec.  Power  Co.,  Washington,  D.  C. 
The  Edison  Elec.  Co,,  Los  Angeles,  Cal. 
Old  Colony  St.  Ry,  Co.,  Boston.  Mass. 
Boston  &  Worcester  St.  Ry   Co.,  Boston,  Mass. 
St.  Louis  Transit  Co.,  St.  Louis,  Mo 
Georgia  Ry.  and  Elec.  Co.,  Atlanta,  Ga. 
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1500-Kw 

Port  Huron  Lt.  and  Pr.  Co.,  Port  Huron,  Mich. 
St.  Joicph  Ry..  Lt..  Ht.  and  Pr.  Co.,  St.  Joseph,  Mo. 
Syracuse  Ltg.  Co.,  Syracuse,  N.  Y. 
Omaha  Elec.  Lt.  and  Fr.  Co..  Omaha.  Neb. 
Hou.ston  Ltg.  and  Pr.  Co.,  Hou.<iton,  Tex. 
Nassau  Lt.  and  Pr,  Co..  Roslyn,  N.  Y. 
Nashville  Ry.  and  Lt.  Co.,  Nashville,  Tcnn. 
Portland  General  Elec.  Co.,  Portland,  Ore. 
Tokio  St.  Ry.  Co.,  Ltd..  Tokio,  Japan. 


II 


500-Kw 

DlRECT-CURKENT 

Cork  Tramways,   Cork.   Ireland. 

Northern  Ohio  Traction  Co.,  Akron,  Ohio. 

Pcnna.  R.  R.  for  Greenville  Shops,  Greenville,  N.  J. 

Christ  Church  Municipal  Tramways,  Christ  Church,  New  Zealand. 


Atehnatinc-Current 

2  B.  T.  H.  Co.,  Rugby,  England. 

I  Binghamton  Lt..  Ht.  and  Pr.  Co..  Binghamton,  N.  Y. 

1  Macon  Ry.  and  Lt,  Co..  Macon,  Ga, 

2  LTnited  G.is  and  Elec.  Co.,  Dover,  N.  H. 

3  Newport  &  Fall  River  St.  Ry.  Co.,  Newporl,  R.  L 

2  Nashua  Lt.,  Ht.  and  Pr.  Co.,  Nashua.  N.  H. 

3  Chattanooga  Lt.  and   Pr,  Co..  Chattanooga,  Tcnn. 
7  D .  L.  &  W-  R.  R.  Co.,  Scranton,  Pa. 

2  La  Clede  Lt.  and  Pr.  Co.,  St.  Louis,  Mo. 

2  Richmond  Lt.  and  Ry.  Co.,  Statcn  Island,  N.  Y. 

2  Winona  Ry.  and  Lt.  Co.,  Winona,  Minn. 

3  Union  Elec.  Co.,  Duhuquc,  Iowa. 

I  Phceni.x  Lt.  and  Fuel  Co.,  Phccnix,  Ariz, 

I  Lynn  Gas  and  Elec.  Co..  Lynn,  Mass. 

1  Westchester  Ltg,  Co..  New  Rochclle.  N.  Y. 

2  Fulton  Bag  and  Cotton  Mills,  .Atlanta,  Ga. 

2  United  Gas  and  Elec.  Co.,  New  Albany.  Ind. 

1  U.  E.  G.,  Berlin,  Germany. 

3  Lane  Cotton  Mills,  New  Orleans,  La, 

2  Columhiis  Rv.  and  Lt.  Co.,  Colnmlius.  Ohio. 

2  Saginaw  Valley  Traction  Co,,  Saginaw.  Mich 

t  Consolidated  Gold  Fields  of  South  Africa.  Ltd. 

T  Witwalcrs  Rand  Deep  Gold  Mining  Co.,  Ltd.,  South  Africa. 

2  Tokio  St.  Ry.  Co..  Tokio,  Japan. 

T  Economy  Lt.  and  Pr.  Co..  JoHet.  111. 

T  Monterey  Elec.  Lt.  and  Pr.  Co.,  Monterey,  Mexico. 

1  Meridian  Lt.  and  Rv.  Co.,  Mcrirlirn.  Miss. 
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Tcrre  Haute  Elcc.  Co.,  Terre  Haute,  Ind. 

Edison  Elec.  Lt.  Co.,  Philadelphia, 

Jtihn  Morrell  &  Co.,  Ltd.,  Uttumwa,  Iowa. 

Hot  Springs  Water  Co.,  Hot  Springs,  Ark. 

Victor  Mfg.  Co.,  Greets,  S.  C. 

Municipal  Plant,  Jack.sonvillc,  Fla. 

Public  Service  Corporation,  Meluchun,  N.  J. 

United  Shoe  and  ^Iilchinc^y  Co.,  Beverley,  Mass. 

Marion  Ltg.  and  Htg.  Co.,  Marion,  Ind. 

Qshkosh  Eke.  Lt.  and  Pr.  Co.,  Oshkosh,  Wis. 

International  Lt.  and  Pr.  Co.,  El  Paso,  Tex. 

Electric  Lt.  Co..  Mobile,  Ala. 

Mobile  Lt,  and  Pr.  Co.,  Mobile,  Ala. 

Havana  Gaf-  and  Elcc.  Co.,  Havana,  Cuba. 

Yokohama  Uninn  Etec.  Lt.  Co.,  Yokohama,  Japan. 

Tokio  Elec.  Lt.  Co.  Tokio,  Japan. 

Easton  Ga.s  and  Elec.  Co.,  Easton.  Pa. 

Mexico  Lt.  and  Pr.  Co..  Mexico  City. 

Zanesville  Ry.  and  Lt.  Co.,  Zanesvillc,  Ohio. 

Mitsui  &  Co.,  for  Osaka,  Japan. 

Mit.'iiu  &  Co..  for  Tokio,  Japan. 

Oji  Paper  Mill.v.  Japan. 

Nagoia  Elec.  Lt.  Co.,  Japan. 


5500- Kw 

Interborough  Rapid  Transit  Co..  New  York,  N.  Y. 
Pa.,  N.  Y.  &  L.  L  R.  R..  Long  Inland  City.  N.  Y. 


1500-Kw 

Hartford  Elcc.  Lt.  Co..  Hartford.  Conn. 
Philadelphia  Rapid  Transit  Co..  Philadelphia,  Pa. 
Pel?-er  Mfg.  Co.,   Pelzcr,  N.  C. 

DcBcers  Consolidated  Mines.  Kimbcrlcy.  Somth  .'\frica. 
Manila  Elec.  Ry.  and  Ltg.  Co..  Manila,  P.  L 


1250-Kw 

^     interborough  Rapid  Transit  Co.,  New  York.  N.  Y. 

1 200-K\V 

1  Uahimore  Copper  Smelting  and  Roller  Co.,  Baltimore,  Md. 

1CKX)-K\V 

2  DeBeers  Consolidated  Mines,  Kimbcrley.  South  Africa. 
.^     We.st  Penn.  Ry.  and  Ltg.  Co..  Connelli^ville,  Pa. 

2  Ck'veland  So.  Western  Traction  Co..  Elyria,  Ohio. 

2  West  Virginia  Pulp  and  Paper  Co  .  Piedmont,  W.  Va. 

2  United  Elec.  Lt.  Co.,  Springfield.  Mass. 

2  Tokio  Elcc.  Lt.  Co.,  Tokio,  Japan. 


750-Kw 

Hartford  Elec.  Lt.  Co..  Hartford.  Conn. 
B.  F.  Goodrich  Co.,  Akron,  Ohio. 
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Wcstinghouse  Elec.  and  Mfg.  Co.,  Ea.st  Pittsburg,  Pa. 

Merchants'  Ht.  and  Lt.  Co..  Indianapolis,  Ind, 

N.  Y.,  N.  H.  &  H.  R.  R.  Co.,  Warren,  R.  I. 

U.  S.  Navy  Yard,  Boston,  Mass. 

Manila  Elcc.  Ry.  and  Ltg.  Co.,  Manila,  P.  I. 

500- Kw 

Lcwiston  Water  and  Pr.  Co.,  Lewiston,  IdahOk. 
Penna.  Lt.,  Ht.  and  Pr.  Co.,  Allegheny.  Pa. 

4CX3-Kw 

Wcstinghouse  Air  Brake  Co.,  Wilmcrding,  Pa, 

Yale  &  Townc  Mfg.  Co.,  Stamford,  Conn. 

B.  F.  Goodricli  Co..  Akron,  Ohio. 

Consolidated  Railroad  and  Ltg.  Co.,  Wilmington,  N.  C. 

Johnston  Harvester  Co.,  Baiavia.  N.  Y. 

Roslyn  Lt.  and  Pr.  Co..  Roslyn.  N.  Y. 

S.  D.  Warren  Co.,  Cumberland  Mills,  Me, 

Saco  &  Pcttce  Machine  Shops,  Biddeford,  Me. 

Rockland  Lt.  and  Pr.  Co.,  Nyack,  N.  Y. 

Citizens'  Lt..  Ht.  and  Pr.  Co.,  Johnstown,  Pa. 

City  of  Columbus  Municipal  Plant.  Columbus.  Ohio. 

Atlantic  Mills,  Providence..  R.  L 

Portsmouth  St.  Ry.,  Portsmouth,  Ohio. 

Hot  Springs  Elec.  Co..  Hot  Springs,  Ark. 

Anderson  Municipal  Lighting  Plant,  Anderson,  Ind. 

Sherwin-Williams  Co.,  Ckvcland,  Ohio. 

Eaton  Cole  &  Burnham,  Bridgeport,  Conn.- 

J.  Benn  &  Sons,  Inc.,  Providence,  R.  L 

Iowa  &  Illinois  Ry.  Co.,  Clinton,  Iowa. 

Parkershurg,  Marietta  &  Inlenirlxan  Ry..  Parkersburg,  W.  Va. 

Madison  Gas  .ind  Elcc.  Co..  Madison.  Wis. 

Newhousc  Mines  and  Smelter  Co.,  Cactus  Mine,  Utah. 

Union  Metallic  Cartridge  Co..  Bridgeport,  Conn. 

Dcllevillc  Portland  Cement  Co.,  Belleville.  Out. 

Canadian  Klondike  Mining  Co.,  Dawson.  Alaska, 

Rome  Brass  and  Copper  Co.,  Rome,  N.  Y. 

Grays  Harbor  Elec.  Co.,  j\berdeen.  Wash. 

The  Henrietta  Mills,  Henrietta,  N.  C. 

California  Powder  Co.,  Pinola,  Cal. 


300-Kw 

2     Philadelphia.  Coatcsville  &  Lancaster  Ry..  Coatesvillc,  Pa. 
I     Northern  Elec.  Co.,  Montreal,  Canada. 

A  comparison  can  be  made  between  this  list  and  that  given 
in  our  previous  report. 

The  object  wc  have  in  view  in  publishing  this  list  is  two-fold ; 
first,  to  show  the  prog^ress  that  has  Ix-en  made,  and,  .second,  that 
the  member  companies  that  are  not  users  of  steam  turbines  may 
inspect  plants  in  their  vicinity. 

The  committee  has  made  selections  from  this  list,  and  has 
conducted  tests  in  the  stations  of  the  owners  to  obtain  data  as  to 
results  of  steam  turbines  under  actual  operating  conditions. 
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It  has  also  endeavored  to  bring  to  the  attention  of  the  manu- 
facturers any  weaknesses  or  defects  that  have  developed  in  their 
machines  during  the  past  year,  and  this  is  treated  in  that  section 
covering  tlie  visits  to  the  works  of  the  manufacturers. 

Attached  is  a  tabulated  statement  showing  the  replies  to  the 
committee's  letters  from  the  users  of  steam  turbines. 

A  special  inquirj-  has  been  made  into  the  condensing  ap- 
paratus most  suitable  for  steam  turbines.  This  inquiry  was  con- 
ducted on  the  same  lines,  and  letters  were  sent  to  all  of  the  users 
of  steam,  turbines,  asking  specific  questions ;  also  to  the  manufac- 
turers of  condensing  machinery. 

Ninety-five  different  companies  were  written  to  for  informa- 
tion in  rt-ference  to  the  use  of  turbines  and  fifty-nine  companies 
furnished  as  complete  reports  as  their  operating  conditions  would 
allow.  This  portion  of  the  report,  therefore,  presents  a  summary 
of  data  from 

Fifty-seven  Curtis  turbines  having  a  total  capacity  of  83,5C» 
kilowatts. 

Thirty-four  Parsons  turbines  having  a  total  capacity  of  19,800 
kilowatts. 

Nineteen  De  Laval  turbines  having  a  total  capacity  of  1686  kilo- 
watts. 

Table  No.  i  gives  the  name  of  each  company,  its  loca- 
tion, the  general  characteristics  of  the  turbine  installation,  and 
its  operating  conditions. 

Sf>ecial  effort  was  made  to  obtain  from  the  users  a  complete 
statement  of  troubles  due  to  the  use  of  turbines.  It  is  interesting 
to  note  that  everyone  seemed  well  satisfie<l  with  their  machines 
and  very  few  companies  admitted  that  they  bad  any  trouble  what- 
soever from  the  turbine  itself. 

One  company,  operating  Curtis  turbines,  reported  one  shut- 
down caused  by  a  worn  bearing  on  the  tachometer  ilrivc  vibrating 
the  rod  operatmg  the  latch  on  the  emergency  stop  valve.  This 
resulted  in  the  emergency  valve  closing  suddenly  without  any 
warning.  The  same  company  also  reported  slight  trouble  with  the 
generator,  due  to  loose  laminations  in  the  armature.  The  latter 
trouble  was  discovered  and  remedied  before  any  damage  was 
done. 
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On  another  Curtis  turbine,  the  users  expcrieoced  some  little 
difficulty  with  the  needle  valves  and  the  main  nozzle  valves,  due 
to  warping  caused  by  the  high  degree  of  superheat  used  in  the 
plant. 

On  another  turbine  of  this  type  some  trouble  was  experienced 
from  air  leakage  in  the  turbine  and  also  from  water  mixing  with 
the  oil  lubricating  the  step-bearing.  This  company  also  states 
that  it  had  some  trouble  with  the  condensing  apparatus,  but  omits 
to  state  just  what  tlic  trouble  was. 

On  a  De  Laval  turbine,  one  company  reports  some  trouble 
due  to  design  of  the  brush-holders  on  the  dynamo,  which  was 
easily  remedied, 

On  another  De  Laval  turbine,  trouble  was  reported  with  the 
oiling,  niis  seemed  to  be  due  to  the  filling  up  of  the  spiral  oil- 
ways  which  stopped  the  flow  of  oil,  and  was  overcome  by  the  use 
of  special  oil  carefully  fdtercd. 

One  company  using  Parsons  turbines  reported  some  difficulty 
in  the  matter  of  lubrication.  The  oil,  which  worked  well  in  one 
part  of  the  machine,  sulidiiied  into  a  jelly  and  failed  to  work  in 
some  of  the  other  bearings. 

On  another  Parsons  turbine,  trouble  was  reported  due  to  the 
repeated  cutting  out  of  the  throttle  valve  seat,  which  tended  to 
cause  the  turbine  to  race  on  light  loads.  This  difficulty  was 
attributed  to  the  peculiar  water  used  in  the  locality.  They  also 
report  trouble  from  excessive  vibration  of  the  turbine,  caused  by 
the  expansion  of  the  exhaust  pipe  throwing  the  turbine  out  of 
line.  This  developed  some  months  after  the  turbine  was  started 
and  was  entirely  corrected  by  installing  an  expansion  joint  in 
the  exhaust  pipe. 

Two  Parsons  turbines  arc  reported  to  have  encountered 
trouble  with  the  field  coils  of  the  generator,  both  machines  burning 
out  under  less  than  normal  load.  This  is  apparently  due  to  an 
error  in  the  design.  They  have  had  some  difficulty  with  the 
breaking  of  the  brass  sleeves  rif  the  concentric  bearing.  They 
also  ref)ort  that  they  find  it  necessary  to  give  the  lubricating  sys- 
tem special  attention  to  avoid  trouble  with  it. 

One  report  has  been  received  on  a  Parsons  turbine  stating  that 
a  large  number  of  the  blades  were  lost  because  the  turbine  was 
started  too  quickly.  Superheated  steam  was  being  turned  on 
and  sufficient  time  was  not  allowed  in  warming  up  the  machine  to 
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maintain  proper  clearance  between  the  tips  of  the  blades  and  the 
casing. 

On  another  Parsons  turbine  trouble  is  reported  from  many  of 
the  blades  of  the  rotor  breaking  while  running  and  without  rub- 
bing. This  is  considered  later  in  the  discussion  of  the  Parsons 
turbine. 

Anotlier  company,  operating  several  Parsons  machines,  re- 
ports it  has  had  a  few  blades  broken  out  of  one  of  its  turbines 
due  to  some  foreign  substance  being  carried  into  the  turbine 
through  the  steam  pipe.  This  did  not  affect  the  operation  of 
the  turbine,  which  was  continued  in  service  until  it  was  con- 
venient to  shut  it  down  an<l  repair  it. 

It  will  be  seen  from  the  above  tliat  all  troubles  reported  were 
of  a  minor  character,  and,  considering  the  aggregate  capacity  of 
the  machines  in  use  and  making  due  allowance  for  the  reticence  of 
the  people  owning  them,  that  the  troubles  and  difficulties  expe- 
rienced in  turbines  are  very  few  and  comparatively  insignificant. 
In  fact,  they  seem  to  be  much  less  than  might  be  expected  in  the 
use  of  reciprocating  engines  of  similar  size. 

Your  committee  has  also  endeavored  to  obtain  some  informa- 
tion on  the  operating  costs  of  turbine-driven  units  in  order  to 
draw  a  comparison  between  the  efficiency  of  turbines  and  recipro- 
cating engines  as  prime  movers.  \'ery  few  stations  were  able  to 
give  any  satisfactory  data  on  this,  which  is  mainly  due  to  tbe 
fact  that  in  many  stations  turbines  are  being  opierated  in  connec- 
tion with  engines,  so  that  it  is  difficult  to  separate  the  charges.  In 
a  number  of  other  stations,  the  installation  was  comparatively  new 
and  the  company  did  not  feel  that  it  could  give  any  satisfactory 
information  under  this  head.  Sufficient  replies,  however,  were 
received  from  various  parts  of  the  country  to  give  a  very  good 
general  idea  of  what  should  be  expected  from  a  turbine  in- 
stallation. 

Broadly  speaking,  the  tiperating  cost,  exclusive  of  fixed 
charges,  is  lower  than  that  of  reciprocating  engines  operating 
under  the  same  conditions,  on  account  of  the  reduction  of  labor 
and  incidental  expenses. 


GENEIL\L  ELECTRIC  COMPANY 

CURTIS  STEAM   TURBINE 

The  turbine  works  of  the  General  Electric  Company,  both  at 
Lynn  and  Schenectady,  were  visited,  and  the  committee  discussed 
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with  the  engineers  of  the  company  at  Ix'ih  works  iIk-  use  of  the 
mechanically  operated  valve  in  place  of  ihe  electrically  operated 
valve,  wliich  is  at  present  the  standard  practice.  One  mechanical 
t>-pe  is  operated  by  power  transmitted  from  the  turbine  shaft  bv 
means  of  a  worm  wheel  and  clearing.  The  valve  mechanism  is  similai 
in  many  respects  to  a  puppet  valve  gear,  the  gavertior  controlling 
two  dogs,  one  of  which  is  arrange<]  to  open  and  the  other  to  close 
the  valve.  This  valve  gear  was  designed  by  Mr.  Richard  H.  Rice, 
who  has  ]jad  considerable  experience  in  engine  practice,  and  fol- 
lows closely  the  best  lines  developed  from  engine  experience.  The 
governor  control  is  similar  to  the  present  method  ;  the  number  of 
nozzles  open  is  varied  by  the  demand  on  the  turbine  and  is  con- 
trolled by  the  centrifugal  governor  in  the  usual  way. 

The  other  mechanical  type  is  operated  hydraulically,  a  water 
piston  giving  reciprocating  motion  to  a  rod  controlling  a  bank 
of  valves  that  are  opened  by  means  of  a  cam  and  closed  by 
a  spring.  The  governor  controls  a  pilot  valve  which  in  turn 
operates  the  hydraulic  piston,  the  motion  of  which  is  trans- 
mitted to  the  cams  that  open  the  valves.  In  the  first  case  the 
valves  are  thrown  open  or  closed,  and  in  the  second  there  is 
a  throttling  action  of  the  valves.  These  valves  have  not  been 
in  use  long  enough  to  give  any  definite  data  regarding  their 
operation. 

The  first  type  appeals  favorably  to  the  committee  on  account 
of  its  simple  mechanical  construction,  and  it  would  appear  to  be  a 
reliable  and  effective  device. 

The  one  objection  to  be  raised  to  the  mechanical  form  of 
valve  is  that  it  necessitates  the  use  of  a  small  number  of  valves  of 
large  area,  and  some  criticism  has  been  raised  that  the  regulation 
of  the  turbine  will  not  be  so  g»od  with  that  type  of  valve  as  with 
the  larger  bank  of  valves  of  smaller  diameter  that  are  electrically 
operated. 

The  accompanying  illustration  (Figure  i")  shows  the  first 
type  of  mechanical  valve  gear  for  turbines  developed  by  the  Gen- 
eral Electric  Company  as  mentioned  above.  Briefly  stated,  the 
nozzle  valves  are  directly  actuated  by  cam  plates,  one  cam 
plate  being  provided  for  each  valve.  The  cam  plates  arc 
loosely  mounted  on  a  rock  shaft  and  are  adapted  to  be 
moved  in  one  direction  or  the  other  to  open  or  close  the  valves  by 
dogs  carrietl  by  steam  levers.  As  many  of  these  steam  levers  are 
provided  as  there  are  cams  and  valves.    The  steam  levers  are  keyed 
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lo  the  rock  shaft  and  the  latter  is  continuaUy  moved  to  and  fro  by 
means  of  suitable  cranks  and  a  connecting  rod  from  a  worm  gear 
driven  by  the  main  shaft. 

In  addition  to  the  above,  each  valve  is  provided  with  a  shield 
plate  loosdy  mounted  on  the  rock  shaft,  the  shield  plates  being  set 
angularly  one  behind  the  other  to  obtain  the  successive  actuation 
of  the  valves,  and  rigidly  connected  together.  The  shield  plates 
control  the  action  of  the  dogs  on  the  cam  [)lales.  That  is  to  say, 
when  more  steam  is  required,  a  shield  plate  permits  the  proper  dog 
to  engage  and  move  a  cam  to  open  a  valve.  Conversely,  when  less 
steam  is  required,  a  plate  permits  another  dog  engage  and  move  a 
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cam  to  close  a  valve.  Each  valve  is  opened  or  closed  b}'  one  stroke 
of  its  steam  lever.  The  only  work  required  of  the  shield  plates  is 
lo  move  the  dc^s,  and  this  when  they  are  out  of  engagement  with 
the  cam  plates.  Tlic  shield  plates  are  moved  by  the  shaft  governor 
in  response  to  speed  changes.  It  will  tlius  be  seen  that  the  power 
for  opening  and  closing  the  valves  is  taken  directly  from  the  main 
shaft. 

When  two  sets  of  admission  valves  are  employed  the  mechan- 
i>m  above  described  is  duplicated,  suitable  provision  being  made 
for  obtaining  the  proper  direction  of  movement. 

A  very  decided  improvement  has  been  made  in  the  electrically 
controlled  valves  by  placing  the  springs  and  stems  outside  of  the 
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casing,  and  in  certain  details  in  the  construction  of  relays  and 
pilot  valves. 

The  latest  type  of  electrically  operated  valves  appears  to  be 
working  satisfactorily. 

The  throttle  valve  and  emergency  stop  formerly  used  on  the 
Custis  turbine  were  not  considered  satisfactory.  Improvements 
have  been  made  and  the  gate  valve  has  been  superseded  by  a 
double-seat,  balanced  globe  valve  with  emergency  stop  attachment. 

The  brake  applied  to  some  of  the  earlier  types  of  turbines  has 
been  abandoned,  arid  is  nut  considered  j>art  <:>f  the  standard  ma- 
chine. It  has  been  found  in  practice,  however,  that  the  brake  was 
useful  in  holding  up  the  weight  of  the  revolving  parts  when  repairs 
or  examinations  were  being  made  on  the  machine, and  the  company 
was  asked  to  take  under  consideration  the  advisability  of  adopting 
on  al!  of  the  larger  sized  machines  an  attachment  similar  to  the 
brake  for  this  purpose,  and  they  will  furnish  in  the  larger  sizes 
such  an  attachment  as  part  of  the  standard  machine  when  so 
specified. 

The  question  of  the  changes  in  speed  of  the  standard  1905 
turbine  as  compared  with  the  1904  was  discussed  and  it  was  found 
that  there  were  only  two  sizes  in  which  any  changes  in  the  speeds 
as  previously  given  were  contemplated.  A  tabulated  list  showing 
standard  sizes  and  speeds  is  as  follows : 


ALTERNATING-CURRENT 


Vfktical   SHArr.— 60  Cvclb 


a>H 

Potea 

Kw. 

R.  P.  M. 

Volt! 

ATB 

4 

300 

1,800 

240-  4,000 

" 

4 

500 

1,800 

240-  6,600 

i» 

6 

1,000 

1,200 

480-  6.600 

It 

8 

1,500 

goo 

480-  6,600 

11 

8 

2.000 

900 

1,150-13,200 

•  4 

12 

3,000 

600 

600-13,200 

10 

5,000 

720 

2,300-13,200 

1 


>S-C¥CL« 


Poles 

Kw. 

R.  P.  M. 

Vo:t» 

ATB 

2 
2 

4 
4 

300 

800 

a.ooo 

5,000 

1.500 
1,500 

750 
7SO 

370*  6,600 

6ao-t3,200 

2,300-13,200 

2,300-13,200 

I 

i 
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DIRECT-CURRENT 


HoKUONTAi.  Shaft 


Clau 

PolM 

Kw, 

R.  K  M. 

Volu 

C 

a 

15 

4.000 

60-135 

2 

as 

3,600 

125-250 

" 

4 

75 

2,400 

125-250 

" 

4 

150 

2,000 

125-250 

4 

300 

1.500 

f25-5co 

Vertical  Shaft 


ClaM 

Polei 

Kw. 

R.  P.  M. 

Volu 

c 

4 

500 

1,800 

550 

There  are  various  opinions  held  as  to  the  maximum  clearance 
allowable  in  this  type  of  turbine  without  interfering  with  the 
efficiency,  and  we  attach  hereto  a  list  of  clearances  recommended 
hy  the  company,  which  is  given  for  each  stage.  It  may  be  said 
that  the  opinion  is  now  held  by  the  General  Electric  Company 
that  the  amount  of  clearance  imposed  by  the  mechanical  condi- 
tions does  not  in  any  way  affect  the  efficiency  of  the  turbine. 
This  is  especially  true  of  the  four-stage  type  of  machine. 


TURBINE 

CLEARANCES 

RatiDir 

SMfCI 

Mt  SUKC 

*d  SUfc 

jastMgt 

4tb  Scacc 

500 

.06  inch 

.06  inch 

.06  inch 

.06  inch 

800 

.07 

.07     '• 

.07     " 

.07     " 

1,000 

.08 

.08     " 

.08     " 

IS     " 

1,500 

,06 

.06     •' 

06     •• 

.oS     " 

2,000 

.06 

.06     " 

.08     " 

.08     " 

3,000 

.07 

.07     " 

.P7     " 

.08     " 

5.000 

.07 

.07     •• 

.07     " 

.08     " 

5.00Q 

6 

.10     *' 

.1 

.1 

,3 

The  question  of  noise  in  the  generator  was  also  discussed.  It 
was  found  that  there  are  several  sizes  of  generators  tliat  operate 
practically  noiselessly,  while  others  make  considerable  noise.  This 
is  being  overcome  by  changes  in  the  design  of  the  revolving  field 
in  order  to  obtain  a  smooth  surface.    The  revolving  field  of  the 
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machine  making  the  most  noise  has  been  redesigned,  and  the  field 
windings  used  being  distributed  windings,  which  remove  all  of  the 
sharp  edges,  leaves  practically  a  smooth  running  surface,  so  it  may 
be  said  that  this  question  is  now  solved. 

A  lengthy  discussion  was  held  to  determine  the  advisability 
of  using  a  two-piece  shaft  with  a  coupling  on  the  larger  sizes  of 
turbines.  At  first  these  machines  were  built  with  a  two-piece 
shaft  and  later  a  one-piece  shaft  was  adopted  as  a  standard.  The 
committee  was  unanimous  that  the  two-piece  shaft  was  better 
adapted  for  the  requirements  in  the  central  station  in  facilitating 
the  removal  of  the  revolving  field,  and  there  was  less  danger  of 
the  shaft  being  sprung  than  the  one-piece  shaft,  in  which  case  the 
revolving  field  would  require  to  be  drawn  off  the  shaft.  The 
company  stated  that  the  use  of  a  coupling  will  increase  the  total 
height  of  the  machine,  which  is  serious  where  head  room  is 
limited.  A  coupling  can  always  be  furnished  when  specified. 
However,  the  company  docs  not  think  it  advisable  at  the  present 
time  to  adopt  the  two-piece  shaft  as  its  standard  construction. 

The  committee  found  that  certain  parts  of  the  turbine  were 
not  interchangeable ;  as  an  example,  the  valve  chambers  could  not 
be  reversed  and  allow  steam  to  be  brought  from  cither  side  of  the 
turbine  without  some  fitting.  We  also  requested  that  uniform 
spacing  of  bolt-holes  on  the  flanges  on  the  sides  of  the  turbine, 
including  the  casing,  should  be  considered.  This,  the  company 
stated,  will  be  strictly  adhered  to,  so  all  valve  chambers  can  be 
reversed  if  necessary,  and,  also,  the  position  of  the  turbine,  with 
reference  to  the  base,  can  be  turned  to  any  angle  represented  by 
the  distance  between  the  two  adjacent  bolts. 

In  the  works  at  Lynn  the  smaller  sizes  of  turbines  are  being 
built  up  to  and  including  1500  kilowatts.  At  Schenectady  the 
larger  sizes  are  being  built  up  to  and  including  5000  kilowatts. 

Extensive  improvements  were  evident  in  both  shops.  The 
most  important  advances  made  since  the  last  report  were  changes 
in  the  construction  of  the  wheels  so  as  to  form  a  smooth  surface 
by  the  removing  of  all  bolt  heads  and  ribs.  boUs  being  substituted 
by  countersunk  rivets,  thus  reducing  the  friction  of  the  revolving 
parts.  Important  changes  have  also  been  made  in  the  shapes  of 
the  buckets  and  in  the  construction  of  the  nozzles.  These  changes 
have  all  been  nude  with  the  object  of  improving  the  economy  of 
the  machine. 
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Step  bearings  are  now  being  operated  with  water  instead  of 
oil,  and  the  construction  has  been  modified  to  admit  of  this  change. 
We  have  been  unable  to  find  a  single  case  where  the  step  bearing 
has  given  any  serious  trouble. 

At  Schenectady  great  care  has  been  used  in  fitting  up  a  com- 
plete testing  station  for  steam  turbines.  The  apparatus  and  the 
methods  have  been  given  most  careful  attention.  The  committee 
spent  some  time  here  and  a  test  was  run  off  to  show  the  methods 
employed  and  the  apparatus  used  in  the  test,  and  we  believe  it  is 
the  most  complete  and  efficient  testing  apparatus  that  has  ever 
been  used  for  testing  machinery  in  a  manufacturer's  works,  and 
there  should  be  no  difficulty  in  duplicating  tests  with  accurate 
results. 

A  test  was  also  made  in  starting  a  1500-kw  turbine  from 
rest  to  find  the  time  necessary  to  bring  the  machine  up  to  ftdl 
speed,  synchronize  it  and  put  full  load  on  it.  The  machine  was 
brought  up  to  speed,  synchronized,  and  loaderl  with  full  load  in 
one  minute  and  ten  seconds,  It  was  brought  up  from  rest  to  full 
speed  in  a  little  less  than  one  minute. 

THE  WESTINGHOUSE  MACHINE  COMPANY 


PARSONS   STEAM    TURBINE 

The  comtnittec  visited  the  works  of  the  VVestinghouse  Ma- 
chine Company,  Tuesday,  March  21st,  and  discussed  wilh  Messrs. 
Sniffin  and  Brinsmeade  the  question  of  proposed  tests  on  the 
"VVestinghouse  Parsons  machines  installed  in  regular  stations. 

The  committee  was  also  shown  over  the  works  of  the  West- 
inghouse  Machine  Company.  The  amount  of  work  in  the  shops 
is  very  much  greater  than  during  the  visit  previous  to  the  last 
report  of  your  committee.  In  fact,  it  would  appear  that  the  larger 
portion  of  the  shops  is  given  over  entirely  to  the  construction  of 
turbines. 

The  various  sizes  of  turbines  are  now  being  standardized  and 
the  number  of  standard  sizes  has  been  very  materially  increased. 
A  year  ago  there  were  only  three  or  four  standard  sizes,  and  this 
year  they  are  prepared  to  offer  twelve  sizes  of  turbines.  These 
machines  are  being  constructed  on  shop  orders  in  quantities  so  as 
to  obtain  a  uniform  construction  and  shorten  the  time  required 
to  make  delivery. 
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The  type  of  the  turbine  remains  practically  the  same,  although 
some  of  the  modified  forms  beiiig-  experimented  with  last  year 
have  been  abandoned,  the  type  known  as  the  two  stages  having 
been  dropped.  This  was  really  not  a  two-stage  turbine,  but  the 
wheels  of  larger  diameter  were  placed  in  a  separate  casing,  by 
which,  at  that  time,  it  was  thought  some  advantage  could  be 
gained  in  economy  by  reheating  the  steam  between  these  two 
stages.  It  was  found  in  the  experiments  this  could  not  be  accom- 
plished, and  as  it  was  more  expensive,  it  was  dropped.  Now  all 
the  sizes  are  practically  on  the  same  line,  merely  increasing  in  size 
to  provide  capacity,  with  the  exception  of  certain  sizes  operating 
at  lower  speeds.  In  these  sizes  the  diameter  of  the  wheels  is  very 
much  increased. 

Particular  attention  is  now  being  given  to  the  blades,  and 
some  of  the  machines  now  being  built  have  steel  blades,  and  some 
blades  of  various  alloys. 

The  most  important  improvement  in  the  construction  of  the 
blading  is  the  addition  of  a  flat  lace  of  steel  which  is  threaded 
through  openings  near  the  outer  edge  of  tlie  blades  and  fastened  by 
twisting  the  flat  steel  lace  between  each  blade.  This  performs  two 
functions:  first,  it  maintains  a  uniform  spacing  between  the  outer 
edges  of  the  blades;  and,  second,  it  increases  the  mechanical 
strength  of  the  blades  and  prevents  vibration.  In  the  larger  sizes 
the  longest  blades  are  made  from  drop  forgings  with  sfjecial  ends 
which  are  machined  so  as  to  fit  in  a  dovetailed  groove  and  fastened 
at  the  outer  end  by  means  of  the  band  lacing  previously  described. 

The  joint  in  the  lacing  is  made  by  introducing  a  second  lace 
nearer  the  shaft,  the  blades  at  the  joint  having  two  holes  punched, 
and  a  short  piece  of  wire  is  arranged  at  the  break  of  the  outer 
lacing  strip  to  lap  the  joint.  Tests  have  licen  made  to  see  whether 
this  band  strip  in  any  way  affects  the  efficiency.  Thus  far,  how- 
ever, these  hands  have  not  shown  any  change.  It  is  expected  that 
this  lacing  will  overcome  most  of  the  trouble  that  has  been  ex- 
perienced in  the  failure  of  blades. 
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The  standard  sizes  and  speeds  of  25  and  60-cycle  turbines 
are  as  follows: 

200  1850  direct-current 


R.P.M. 

R.P.M. 

6oC7cIe 

iS-CycIe 

3600 

1500 

3000 

.... 

3600 

1500 

1800 

1500 

1800 

1500 

1200 

1500 

1200 

1500 

720 

7SO 

720 

750 

720 

750 

720 

750 

Some  minor  changes  have  been  made  in  the  oiling  system. 
The  old  system  of  oiling  was  to  pump  the  oil  through  cooling  coils 
to  a  tank  arranged  above  the  turbine  to  obtain  a  static  head  of 
two  or  three  feet  of  pressure  on  oil  bearings.  This  has  been 
changed  to  a  closed  tank,  and  a  pressure  is  maintained  in  the  tank 
of  about  seven  pounds  by  means  of  a  by-pass  valve  controlled  by 
the  pressure  cm  the  tank.  This  change  was  made  on  account  of 
insuring  constant  and  liberal  flow  of  oil  on  all  bearings  without 
largely  increasing  the  size  of  the  storage  tank. 

The  mechanical  workmanship  on  all  of  the  parts  is  excellent. 
The  grade  of  both  the  cast-iron  and  steel  is  exceptionally  good. 

The  company  is  experimenting  with  a  double-flow  turbine  in 
which  the  steam  is  admitted  at  the  centre  and  expands  through 
the  turbine  to  the  outer  ends,  being  connected  to  the  exhaust  open- 
ing to  the  condenser.  This  has  a  number  of  mechanical  advan- 
tages. First,  it  obviates  the  necessity  of  connecting  pipes  through 
balancing  pistons  and  various  pressure  points,  it  shortens  the 
length  of  the  shaft,  and  more  than  doubles  the  capacity  of  the 
turbine  of  the  same  length. 

The  machine  is  merely  in  an  experimental  stage,  and  sufficient 
tests  have  not  been  made  to  learn  whether  the  economy  is  as  good 
as  that  of  other  types.  It  possesses  a  number  of  features,  however, 
that  appear  to  your  committee  to  be  worthy  of  mention  and  form 
an  index  of  the  possible  future  developments  of  this  type  of 
turbine. 
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HOOVEN-OWENS-RENTSCHLER  COMPANY 

HAMILTON-HOLZWARTH  STEAM  TURBINE 

Tlie  committee  visited  the  works  of  the  Hooven-Chvens- 
Rentscliler  Company,  Hamilton,  Ohio.  This  company  is  the 
builder  of  the  Hamilton-Holzwarth  steam  turbine,  but  it  has  had 
but  few  of  the  machines  in  actual  service.  It  is  at  present  buildinfj 
several  sizes,  varying  from  200-k\v  to  iO(X>-kw.  The  operation  of 
the  turbine  is  as  follows  : 

Steam  is  admitted  through  a  stationary  diaphragm  in  w^hich 
is  placed  a  continuous  row  of  nozzles;  this  diaphragm  could  be 
called  a  fixed  wheel.  The  steam  is  expanded  in  the  nozzle  and 
attains  a  certain  pressure  and  velocity,  v^^hich  is  nearly  exhausted 
in  the  running  wheel;  then  it  passes  through  another  series  of 
nozzles  arranged  in  the  stationary  wheel,  the  accelerating  velocity 
being  absorbed  by  the  following  wheel.  This  series  of  stationary 
nozzles  and  revolving  wheels  is  increased  until  practically  the 
entire  energy  of  the  steam  is  absorbed. 

The  mechanical  construction  is  relatively  simple.  The  cast- 
iron  casing  is  bored  to  receive  the  stationary  discs.  These  sta- 
tionary wheels  or  discs  are  turned  on  all  surfaces  and  a  slot  cut 
in  the  rira.  Into  the  wheels  are  riveted  drop  forgings,  which  form 
the  nozzles,  and  a  band  is  shrunk  around  the  outside  so  as  to  make 
a  tight  fit  to  the  casing.  The  length  of  the  buckets  and  the  area 
of  the  nozzles  are  increased  in  each  succeeding  stage  so  as  to  take 
care  of  the  increased  volume  of  the  steam  due  to  its  expansion 
through  the  machine.  In  the  sizes  now  built  tlie  Jirst  row  of 
buckets  is  about  one-eighth  inch  long  and  the  last  about  two 
inches. 

The  wheel  is  a  built-up  wheel.  Two  steel  discs  have  pressed 
flanges  riveted  to  a  cast-steel  centre.  Two  of  these  pressed-steel 
discs  are  mounted  on  a  cast-steel  centre,  and  in  the  slot  between 
the  discs  are  mounted  the  buckets,  which  are  made  from  drop 
forgings.  The  tail  piece  that  enters  the  wheel  is  drilled,  all  parts 
being  held  together  by  rivets.  After  the  buckets  have  been  set  up 
and  the  wheel  in  rough  shape,  the  spaces  between  the  buckets  are 
filled  with  babbitt  metal  and  the  whole  wheel  is  then  machined. 

A  recess  is  cut  in  the  outer  edge  of  the  buckets  so  as  to  admit 
of  the  placing  of  a  band  which  is  held  in  place  by  riveting  over 
the  tips  of  the  buckets,  the  two  ends  of  -the  band  being  brazed  at 
the  joint.    This  construction  is  light,  cheap  and  strong. 
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The  turbine  is  controlled  by  means  of  a  centrifugal  governor 
mounted  on  the  end  of  the  shaft  outside  of  the  casing  of  the 
turbine.  The  governor  valve  is  a  balanced  throttle  valve,  operated 
by  a  friction  drive,  which  is  controlled  by  a  centrifugal  governor, 
the  shaft  driving  the  governor  being  operated  from  a  worm-wheel 
attached  to  the  turbine  shaft.  Means  are  provided  in  the  governor 
mechanism  so  that  the  friction  wheel  is  not  in  contact  with  the 
disc  except  when  the  governor  is  in  action,  necessitating  a  change 
in  the  amount  of  steam  admitted  into  the  turbine,  or  vice  versa. 

The  maker's  list  of  sizes  of  turbine  and  their  guarantees  is 
as  follows. 

From  what  we  have  seen  of  the  turbine  we  should  like  to  call 
attention  to  the  guarantees,  but  no  turbine  has  been  built  and 
tested  from  these  designs. 

loo-Kw.  3600  R.P.M. 
125  pounds  steam  pressure,  dry  saturated,  27-inch  vacuum 

Full  load 27.1  pounds  per  kw-hour 

%  load 29.4  pounds  per  kw-hour 

Vi  load 34.0  pounds  per  kw-hour 

200-Kw.  3600  R.P.M. 
150  pounds  steam  pressure,  dry  saturated,  28-inch  vacuum 

Full  load 22.2  pounds  per  kw-haur 

%  load 24.4  pounds  per  kw-hour 

%  load 28.0  pounds  per  kw-hour 

26-inch  Vacuum 

Fill]  toad 25.1  pounds  per  kw-hour 

%   load 27.5  pounds  per  kw-hour 

%  load 31.6  pounds  per  kw-hour 

200-Kw,  3600  R.P.M. 
125  pounds  steam  pressure,  dry  saturated,  27-inch   vacuum 

Full  load 24.8  pounds  per  kw-hour 

%  load 27.1  pounds  per  kw-hour 

%  load 31.4  pounds  per  kw-hour 

250-Kw,  .3600  R.P.M. 
125  pounds  steam  pressure,  dry  saturated.  2^%-lni:h.  vacuum 

Full  load 24.7  pounds  per  kw-hour 

'J4  load 26.9  pounds  per  kw-hour 

%  load 31.4  pounds  per  kw-hour 

500-Kw,  1800  R.P.M. 

150  pounds  steam  pressure,  100  degrees  Fahrenheit  superheat, 

28-inch  vacuum 

Full  load 17.5  pounds  per  kw-hour 

%  load \g.,i  pounds  per  kw-hour 

%  load , 21,7  pounds  per  kw-hour 
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looo-Kw,  1800  R.P.M. 

180  pounds  steam  pressure,  175  degrees  Fahrenheit  superheat. 

27-inch  vacuum 

Full  load 16.8  pounds  per  kw-hour 

%  load 18.0  pounds  per  kw-hour 

^  load JO.O  pounds  per  kw-hour 

looo-Kw,  1500  R.P.M. 
•<       '75  pounds  steam  pressure  (no  superheat),  28-inch  vacuum 

Full  load 18.6  pounds  per  kw-hour 

%  load 20.2  pounds  per  kw-hour 

Va  load 22.5  pounds  per  kw-hour 

150  degrees  Fahrenheit  superheat 

Full  load 16.5  pounds  per  kw-hour 

%  load 17.6  pounds  per  kw-hour 

Ml  load 19.6  pounds  per  kw-hour 

During  our  visit  we  examined  a  150-kw  ttirhinc  that  was  set 
up  in  the  shops.  This  machine  ran  2400  revolutions  per  minute. 
It  could  not,  however,  be  operated  under  load,  as  the  generator 
had  not  arrived  to  be  driven  by  the  turbine.  The  turbine  shaft 
vas  connected  to  tlie  generator  shaft  by  means  of  a  flexible 
coupling.  The  bearings  may  be  either  ball  bearings  or  babbitt 
nietal,  as  ihe  customer  may  elect.  The  company  has  entered  into 
an  arrangement  with  the  Crocker- Wheeler  Company,  Ampere, 
X.  J.,  to  supply  it  with  generators  suitable  for  its  turbines. 

As  has  been  stated,  none  of  these  machines  has  been  tested 
in  practical  operation  under  load,  and  it  is  therefore  impossible  to 
express  an  opinioit  of  its  efficiency,  but  it  is  expected  that  in  the 
near  future  some  of  these  machines  will  be  installed  so  that  during 
the  year  data  may  be  available  as  to  their  performances. 

THE    AI.LIS-CHALMERS    COMPANY 

The  Alhs-Chalniers  Company  are  now  building  a  steam  tur- 
bine similar  in  principle  to  the  Parsons  turbine,  but  with  certain 
changes  in  the  mechanical  construction.  This  particularly  affects 
the  blading.  The  blading  to  be  used  by  this  company,  we  under- 
stand, is  known  as  the  Fullagher  system.  This  blading  is  made 
in  sections,  a  single  row  of  blades  being  made  in  two  sections 
^vhich  are  held  by  bands  at  both  ends,  those  bands  in  turn  being 
pained   in   slots  in   the   turbine  casing. 

The  committee  enrleavored  to  obtain  from  this  company  a 
complete  description  with  illustrations  of  the  type  of  turbine  being 
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built  by  them.  Unfortunately,  on  account  of  patent  reasons,  the 
company  were  unable  to  give  out  any  data  for  publication  at  this 
time.  We  have,  however,  their  promise  that  we  shall  get  it  as 
early  as  possible,  and  it  may  be  received  in  time  to  publish  in  the 
proceedings. 

THE   DE   LAVAL   TURBINE 

We  find  the  principal  use  to  which  this  turbine  has 
been  put  in  central  stations  is  in  the  operation  of  auxiliaries, 
principally  pumps.  There  have  been  no  new  developments 
in  this  turbine  during  the  past  year,  and  we  respectfully 
refer  those  desiring  information  regarding  this  turbine  to  the  de- 
scription given  in  the  report  of  your  committee  last  year. 

THE    ZOELLV    TURBINE 

The  Zoelly  steam  turbine  is  now  being  manufacturctt 
in  this  country  by  the  Providence  Engineering  Works. 
Providence,  R.  I.  We  have  been  unable  to  obtain  from  the 
manufacturers,  however,  any  description  of  the  machine  that  they 
build  in  time  to  insert  it  in  the  report. 

CONDENSING   APPARATUS    FOR   STEAM    TURBINES 

The  committee  has  gathered  from  various  sources,  such  as 
letters  from  the  users  of  turbines,  the  manufacturers  of  turbine 
auxiliaries,  technical  discussion  and  its  own  experience,  a  few 
notes  on  the  installation  and  operation  of  turbine  auxiliaries,  which 
it  presents. 


IMPORTANCE  OF  HIGH  VACUUM  IN  TURBINE  WORK 

There  still  remains  a  small  vestige  of  the  reciprocating  engine 
opinion  in  regard  to  the  degree  of  vacuum  at  which  to  work.  This 
matter  has  received  much  attention  in  the  last  three  or  four  years, 
and  while  the  practice  seems  pretty  definitely  settled  in  this  respect, 
yet  it  will  do  no  harm  to  go  over  the  ground  once  more.  We  have 
taken  the  liberty  of  inserting  a  diagram,  Figure  2.  made  by 
Sig.  E.  V'aunoti,  of  Milan,  Italy,  taken  from  the  transactions  of 
the  Italian  Electrical  Society  for  1904,  which  very  adequately 
shows  the  relative  importance  of  vacuum  to  the  steam  engine  and 
to  the  turbine.  It  shoidd  be  borne  in  mind  that  while  the  engine's 
use  of  vacuum  is  limited  by  the  capacity  and  efficiency  of  the  low- 


small  proportion  that  this  diagram  most  forcibly  illustrates  the 
immense  advantage  to  the  turbine  of  a  higli  degree  of  vacuum. 

Quite  a  number  of  experimenters  have  made  tests  to  deter- 
mine the  economical  effect  of  an  increased  vacuum,  and  it  is  inter- 
esting to  note  that  these  results  approximate  fairly  close  to  each 
other.  Three  instances  of  the  above  are  given  for  turbines  of  the 
Parsons  type  and  one  for  the  Curtis,  results  for  which  were  col- 
lected by  the  Turbine  Comniittoe  on  tests  made  by  themselves. 

Figiire  3  shows  the  relative  economy  of  high  vaciuim  at  dif- 
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ferciit  loads.  These  curves  are  from  a  test  of  a  Brown-Boveri 
turbine. 

The  Hon.  Chas.  A.  Parsons,  in  a  paper  before  the  Institute  of 
Electrical  Engineers  of  England,  May,  1904.  states  that  between 
23-inch  ajid  28-inch  vacuum  an  increase  of  i  inch  in  vacuum 
makes  a  difference  in  economy  of  3  per  cent  in  loo-kvv  units,  4  per 
cent  in  500-kw  units,  and  5  per  cent  in  i50O-k\v  units,  and  that 
the  percentages  increase  more  at  high  vacuums  than  at  low. 

From  Mr.  Bibbins'  articles  in  Power  of  January,  1905.  we 
have  presumably  the  results  of  vacuum  tests  obtained  at  Pitts- 
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burg.  At  from  26-inch  to  28-iiicli  he  shows  an  increased  econ- 
omy in  steam  of  6.7  per  cent.  He  also  shows  at  26.5-inch  a  rate 
of  increase  per  inch  vacuum  of  3.5  per  cent,  and  at  28-inch  of 
5.5  per  cent,  which  supplements  and  agrees  with  the  figures  given 
above  of  6.7  per  cent  from  26-inch  to  28-inch. 

From  a  recent  test  made  hy  your  committee  on  a  2000-kw 
turbine,  different  vacua  were  run  for  the  specific  purpose  of  ob- 
taining the  vacuum  effect ;  it  was  found  that  for  this  turbine  run- 
ning at  1800  kilowatts,  the  increase  in  economy  is  5.2  per  cent 
from  26-inch  to  27-inch  vacuum  and  6.75  per  cent  from  27-inch 
to  28-inch. 

Under  the  following  assumed  conditions  the  economy  effected 
in  operating  under  high  vacuum  would  work  out  somewhat  as 
follows : 

Assumed  size  of  unit. 2,cxx} 

Average  toad 1,500 

Hours  run  per  day 15 

Hours  run  per  year  (300  days) 4.500 

Price  coal  per  ion,  2,000  pounds.. $3.00 

Evaporation 9  pounds 

Economy  pounds  water  per  kilowatt 22 

Rise  in  vacuum 26-28  inches 

Assumed  per  cent  increase  of  economy  due  to 

increase  of  vacuum  from  26-28  inches 6  per  cent 

Water  saved  per  kw-hour 1.32 

Water  saved  per  year 140,000  cu.  ft. 

Cost  of  water  saved  per  year  at  2.58 S35.00        $35.00 

Coal  saved  per  year goo  tons 

Cost  of  coal  saved  per  year  at  $3.00 $i,5<.o.oo       1.500.00 

Increased  cost  of  condenser  plant  for  28-incb  $i.S35>oo 

over  that  of  26-inch  assumed  $5,000.00  ;  inter- 
est  on  above  at  5  per  cent,  depreciation  10  per 
cent,  other  fixed  charges,  including  repairs,  2 
per  cent,  total  17  per  cent $850.00        850.00 

Saving  per  year $685 .00 

The  above  docs  not  include  the  extra  cost  in  steam 
to  run  the  larger  auxiliaries,  but,  inasmuch  as 
sucli  exhaust  steam  would  return  a  benefit  to 
the  feed-water  if  ihcy  were  alt  steam-driven,  we 
will  assume  that  the  extra  cost  in  water  is  s  per 
cent  of  the  total  steam  guaranteed  by  the  turbine 
and  will  amount  per  year  to $12.00  13. 00 

Total  net  saring $673.00 

With  interest  at  5  per  cent  this  represents  a  capital 

saving  of 13,460.00 
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LEAKAGE    OF    AIR 

An  important  feature  of  operation  with  high  vacuum  is  the 
necessity  of  having  air-tight  stuffing  boxes  and  pipe  joints,  lack 
of  which  resuhs  in  loss  of  economy  to  the  turbine  and  increased 
consumption  of  steam  by  the  dry-vacuum  pumps  and  circulating 
pumps.  The  committee  suggests  the  following  as  some  of  the 
remedies  : 

All  joints  after  being  made  up  can  profitably  be  gone  over 
with  any  heavy  homogeneous  paint  (this  preferably  should  be 
done  when  working  under  vacuum),  such  as  black  asphaltum,  or 
shellac  and  red  lead,  both  of  which  dry  readily.  This  is  a  simple 
remedy  and  when  carefully  applied  is  very  effective.  There  often 
is  considerable  air  brought  into  the  fee<l  water  at  pumps  and  open 
tanks,  and  it  is  desirable  to  work  the  water  of  condensation  on  a 
closed  system,  or,  when  an  open  system  is  used,  to  arrange  that 
the  water  is  as  little  stirred  up  as  possible ;  liberation  of  entrained 
air  might  be  assisted  by  the  use  of  steam  coils  in  the  bottoms  of 
tanks. 

In  pressure  pipes  when  velocity  of  the  water  is  slow  it  is  pos- 
sible to  trap  off  considerable  air  by  the  use  of  a  stand-pipe  com- 
municating with  the  feed  pipe  by  a  narrow  slot  and  having  at  the 
top  a  float-actuated  snifting  valve. 

Unless  close  supervision  is  used  to  see  that  lazy  or  indifferent 
engineers  do  not  cover  up  the  existence  of  air  leak  by  pushing  their 
air  and  circulating  pumps  at  a  greater  spwed  and  power  than 
would  be  necessary  with  tight  joints  in  exhaust  piping,  condensers 
and  stuffing  boxes,  the  operating  costs  can  be  very  appreciably 
added  to  in  a  manner  that  often  defies  detection.  Connections 
from  turbine  to  condenser  and  condenser  to  pumps  should  be  as 
short  as  possible,  to  avoid  the  chance  for  leaks  and  consequent  un- 
economical operation. 


AIR  COOLERS 

Where  a  surface  condenser  is  of  the  counter-current  tj-pe  an 
independent  air  cooler  appears  to  be  an  unnecessary  expense  and 
care  if  the  condenser  cooling  surface  is  of  tlie  proper  amount.  In 
the  parallel-flow  type,  however,  an  air  cooler  is  undoubtedly  of 
considerable  benefit  in  reducing  the  tension  on  the  air  and  non- 
condensable  vapors. 
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CHOKING  THE  CONDENSER 

Many  types  of  condensers  are  laid  out  with  a  solid  bank  of 
tubes  presented  to  incoming  steam.  Naturally  the  steam  has  to 
seek  its  way  between  the  tubes  to  get  to  tlie  body  of  condenser,  and 
in  narrow  condensers  the  net  area  between  tubes  of  each  layer 
niay  be  even  less  than  the  area  of  exhaust  pipes,  and  consequent 
velocit)'  of  the  steam  through  these  passages  may  mount  into  tens 
of  thousands  of  feet  per  minute.  The  desire  in  a  condenser  should 
be  that  the  incoming  steam  would  immediately  spread  out  over 
the  whole  cooling  surface  in  its  proportionate  amount,  otherwise 
only  a  limited  area  of  surface  will  be  devoted  to  the  act  of  con- 
densing and  the  remainder  to  cooling  down  condensed  water. 

Very  good  results  have  been  obtained  toward  increasing  the 
eflficiency  of  condensers  by  opening  channels  between  tubes  equal 
in  aggregate  area  to  the  exhaust  pipe  and  extending  somewhat 
beyond  ihe  centre  of  the  tube  nests.  T!ie  benefits  were  manifested 
in  an  increased  vacuum  with  the  same  amount  of  cooling  water 
and  a  radical  decrease  in  the  tendency  of  the  vacuum  to  drop 
under  overloads.  These  channels  also  offer  a  greater  entrance 
aiea  into  the  body  of  the  tubes,  by  way  of  the  interstices  between 
the  tubes  forming  the  sides  of  the  channels, 

ACCESSIBILITY  TO  THE  INTERIORS  OF  CONDENSERS 

It  is  recommended  to  members  that  on  all  new  contracts  they 
insist  upon  complete  and  adequate  means  of  inspecting  the  ends 
of  tubes  and  for  obtaining  admittance  to  the  condenser  above  and 
below  the  tubes.  All  openings  sihould  be  made  to  accommodate 
the  entry  of  a  man  wherever  possible.  This  detail  is  naturally  one 
of  operation  in  which  we  are  especially  concerned,  as  it  has  to  do 
with  our  labor  costs  fc»r  repairs.  It  has  the  further  economic  value 
that  any  piece  of  apparatus  that  is  easy  to  inspect  is  going  to  be 
maintained  in  a  more  efficient  condition  than  one  on  which  over- 
hauling is  a  difficult  matter. 

ARRANGEMENT  OF  CONDENSER  PLANT 

Undoubtedly  the  best  arrangement  of  the  condensing  plant 
is  the  use  of  a  counter-current  condenser  placed  as  close  to  the 
exhaust  nozzle  as  possible  and  with  the  dry-air  pumps  drawing 
from  the  condenser  at  the  point  of  coolest  circulating  water ;  this 
pump  also  so  placed  that  the  minimum  of  pipe  connection  can  be 
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used.  With  this  arrangement  the  possibility  of  air  leaks  would 
be  greatly  reduced,  the  quantity  of  circuiating  water  would  also 
be  lessened  owing  to  the  lower  tension  of  the  air  which  has  just 
left  the  coldest  tubes  of  the  condenser.  We  believe  that  it  is  im- 
portant in  lowering  operating  costs  tliat  the  above  design  of  the 
installation  should  in  all  cases  be  followed  as  rigidly  as  individual 
conditions  will  permit. 

HORIZONTAL  AND   VERTICAL   SURFACE   CONDENSERS 

Condensers  are  usually  built  with  horizontal  tubes,  but  in 
some  instances  in  Great  Britain  where  the  circulating  water  was 
very  dirty  they  have  been  built  vertically  with  the  top  water  head 
open  in  order  that  t!ic  tubes  may  be  cleaned  while  the  condenser 
is  in  operation.  This  design  is  undoubtedly  good  for  its  special 
condition,  but  has  the  objection  that  in  the  case  of  the  turbine 
operating  high  pressure  and  the  circulating  pump  stopped,  one- 
half  of  the  tubes  and  their  packing  would  be  subjected  to  212 
degrees  without  any  water  to  carry  off  the  heat.  It  is  also  a  well- 
established  fact  that  a  vertical  tube  does  not  transmit  heat  so 
readily  as  does  a  horizontal  tube. 


APPEARANCES 

The  general  appearance  of  condensers  would  be  greatly  en- 
hanced if  the  contractors  would  devote  a  little  more  time  to  the 
consideration  of  the  ugliness  of  condensers  in  general.  Such  a 
detail  as  horizontal  ribs  on  tlic  exterior  of  the  condensers  could 
be  easily  eliminated,  thus  avuiding  an  unsightly  catch-all  for  dirt, 
dust  and  grease.  While  this  is  more  offensive  to  the  eye  in  in- 
stallations where  the  condenser  is  situated  in  the  main  operating 
room,  yet  it  is  no  less  a  serious  matter  when  placed  under  the 
floor  in  an  obscure  position. 

In  the  matter  of  pumps,  while  those  driven  from  motors  are 
less  objectionable  from  the  point  of  appearances,  yet  the  steam.- 
driven  units  that  many  of  us  use  can  be  vastly  improved  in  the 
direction  of  their  own  appearance  and  any  surrounding  object 
that  is  within  reach  of  their  dirt.  This  is  probably  a  matter  that  is 
largely  dictated  by  the  capacity  of  the  owner's  pocket-book,  yet 
the  amount  of  waste,  oil  and  time  that  is  un economically  used 
in  the  operation  of  the  open-type  small  engine  would  make 
up  the  extra  cost  of  an  enclosed  engine  before  the  plant  had 
reached  the  point  of  replacement. 
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OIL  IN   TURBINE   AUXILIARIES 

This  is  in  stationary  engine  practice  a  very  much  accepted 
defect  in  operation.  Manifestly  the  oil  from  auxiliaries  carried  in 
exhaust  steam  will  coat  the  tubes  of  the  closed  heater  and  will  also 
be  sufficient  to  make  useless  for  feed  water  the  condensation  of 
the  turbine  if  put  into  the  condenser.  As  often  happens  in  a  plant 
where  there  are  many  steam  auxiliaries,  the  amount  of  exhaust 
sometimes  exceeds  tlie  retjuirements  for  heating  feed  water,  and 
in  such  instances  it  would  be  very  profitable  to  throw  this  exhaust 
to  the  condenser  and  obtain  an  increased  efficiency  on  those 
auxiliaries.  It  would  then  appear  to  be  wise  to  have  the  steam 
ends  of  such  auxiliaries  so  designed  that  they  can  accept  super- 
heated steam  without  the  assistance  of  oil.  We  beg  to  suggest, 
for  the  sake  of  discussion,  that  with  piston-valve  engines  this 
might  be  attained  by  the  use  of  plain  plug  piston  valves  without 
rings,  and  plug  pistons  also  without  rings.  The  decreased  density 
of  superheated  steam  should  greatly  decrease  the  proportionate 
leakage  as  compared  to  saturated  steam,  and  the  type  of  valve  and 
piston  permits  of  a  very  inexpensive  renewal  when  worn.  By 
making  the  stuffing  boxes  of  *a  good  length,  so  as  to  carry  them 
weSI  beyond  the  walls  of  the  cylinder,  trouble  from  overheating 
them  should  not  be  anticipated. 

Tiiere  is,  of  course,  the  alternative  of  using  the  ordinary  type 
of  steam  cylinder  and  piston  with  the  necessary  amount  of  lubri- 
cation, and  separating  the  oil  from  the  exhaust  steam  before  it 
enters  the  heater  or  condenser. 
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CARBONIZATION    OF   OIL   IN    DRY-AIR    PUMPS 

Considerable  trouble  has  been  reported  from  carbonization  of 
the  oil  in  the  air  cylinders.  This  has  led  in  some  instances  to  the 
use  of  a  high  grade  of  mineral  oi!  especially  produced  for  use  in 
air  compressors.  There  have  also  been  reports  that  this  has  not 
cured  the  trouble.  While  the  temperature  in  the  cylinder  does  not 
rise  to  an  excessive  amount,  yet  if  a  temperature  could  he  main- 
tained below  a  possible  critical  point  this  trouble  might  be  elimi- 
nated. Tlie  simplest  way  to  do  this  would  seem  to  be  to  jackel 
with  cold  water  the  valve  casing  and  covering  over  which  the  hot- 
test air,  that  of  compression,  is  continually  sweeping.  The  metal 
surrounding  the  ports  in  the  cylinders  is  perhaps  the  greatest  accu- 


mulator  of  heat,  and  if  these  port  passages  were  cast  with  walls  no 
thicS^er  than  necessar}-,  further  supplemented  by  cooling  water, 
the  trouble  would  be  minimized.  An  inter-cooler  between 
cylinders  of  a  two-stage  pump  would  also  be  of  very  considerable 
benefit  both  as  to  decreasing  carbonization  and  as  to  increasing 
the  efficiency  of  the  air  pump;  the  remedy  used  by  one  corre- 
spondent, where  he  boiled  out  the  air  cylinder  once  in  two  weeks' 
lime  with  caustic  soda,  was  very  aptly  called  by  himself,  "a 
nuisance." 

ATMOSPHERIC   RELIEF  VALVES 

Atmospheric  relief  valves  are  undoubtedly  to  blame  for  some 
of  the  air  leakage  into  the  condensers.  Where  the  vacuum  is  of 
so  great  importance,  as  in  turbine  work,  it  will  undoubtedly  pay 
to  go  to  further  refinements  in  the  design  of  these  valves  in  the 
endeavor  to  secure  automatically  absolute  tightness.  It  is  common 
practice  to  use  a  water  seal  on  these  valves,  but  there  is  seldom 
provision  made  to  insure  that  it  is  always  maintained.  It  may 
tither  he  no  seal  at  all  or  the  exhaust  pipe  full  of  water.  It  should 
be  possible,  now  that  the  use  of  oil  has  been  done  away  with  by 
the  turbine,  to  replace  the  present  brass  scats  on  valve  body  and 
disc  with  hard  rubber. 

Rublicr  would  be  flexible  enough  to  take  up  any  inequalities 
in  the  seats  due  to  machining  or  to  distortion  from  heat  and  the 
strains  of  the  large  exhaust  piping. 

The  usual  present  design  of  relief  valve  does  not  allow  of 
ready  inspection,  thereby  ofTering  but  another  excuse  for  the  en- 
gineer to  "let  her  go"  until  he  cannot  escape  criticism  from  even 
the  most  obtuse  layman. 


CIRCULATING  PUMP  FOOT  VALVES 

Some  stations  have  reported  that  they  have  had  trouble  with 
foot  valves  for  circulating  pumps.  When  proper  priming  arrange- 
ments have  been  installed  it  would  seem  that  foot  vaSves  are  un- 
necessary. A  good  steam  air  ejector  or  a  connection  to  the  con- 
denser, when  there  is  a  dry-air  pump,  is  amply  sufficient  to  raise 
the  water  to  the  pump  runner  in  installations  where  the  suction 
lift  is  not  greater  than  24  feet.  It  is  also  generally  tnie  that 
clearing  the  foot  valves  where  the  water  is  dirty  consumes  the 
greater  part  of  the  time  taken  in  starting  up. 
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DEFECTS   IN    CONSTRUCTION    AND    ERECTION 

We  have  reports  of  condenser  tubes  leaking  at  the  ferrule 
shortly  after  the  condenser  has  been  installed.  This  can,  of  course, 
usually  be  traced  to  the  lack  of  care  on  the  part  of  the  maker,  and 
presumably  he  has  in  most  instances  repaired  the  damage.  He 
never,  however,  assumes  the  total  costs  such  as  are  due  to  delay 
and  loss  of  interest  on  the  whole  idle  investment.  Supervision  in 
the  matter  of  condenser  and  pump  erection  can  not  be  too  rigid,  as, 
after  starting,  a  good  many  leaks  and  defects  of  various  kinds 
may  be  covered  up  and  become  customary  conditions  with  the 
operating  force ;  whereas,  if  the  turbine  auxiliaries  were  started 
with  all  conditions  right,  any  falling  off  of  efficiency  without  at- 
tending to  same  would  be  inexcusable.  It  naturally  follows,  also, 
from  the  above,  that  the  various  auxiliaries  might  be  doing  con- 
siderably more  work  than  there  was  any  necessity  for. 


AMOUNT  OF   COOLING  WATER 

As  there  seems  to  be  considerable  divergency  in  the  matter 
of  cooling  water  supply  for  condensers  operating  under  the  same 
conditions,  it  may  be  well  to  go  over  the  very  simple  theory  in- 
volved. 

Total  heat  of  steam  at  28-inch  =  111 2.4 

With  cooling  water  at  70  degrees  and  condensed  water  at 
100  degrees  it  is  possible  for  the  cooling  water  on  leaving  the 
condenser  to  have  gained  30  degrees  of  heat. 

1112  —  68  rz  1044  i^t.u.  heat  lost  by  the  steam  per  pound. 

1044 -=- 30  :=  34.8  Ratio  of  circulating  water  to  condensed 
steam,  assuming  that  cooling  water  took  up  all  of  the  heat  in  the 
steam  in  reducing  it  to  water  and  left  the  condenser  at  the  tem- 
perature of  the  vacuum.  In  actual  practice,  however,  the  cooling 
water  usually  leaves  the  condenser  at  a  temperature  fully  10 
degrees  in  counter-current  condensers  and  17  degrees  in  co-cur- 
rent condensers  lower  tlian  that  of  the  vacuum.  To  show  the 
effect  of  the  above : 

30°  —  10°  =  20°  Rise  in  temperature  of  the  circulating  water. 

1044  -=-  20  ^  52.2  Ratio  of  cooling  water  to  condensed  water 
in  counter-current  condensers, 

30 —  17  =  13  and  1044  -^  13  =  80  Ratio  of  circulating  water 
to  condensed  water  in  co-current  condensers. 

This  shows  the  relative  efficiency  of  the  counter-current  and 
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co-current  surface  condenser  and  also  how  much  the  condenser 
question  is  purely  one  of  temperature.  Also  take  the  case  of 
water  during  the  winter  season  and  assume  a  temperature  of  40 
degrees  for  the  cooling  water. 

100°  —  40'  ~  60° 

60"  —  10°  ^=  50°   possible  gain  in  temperature  of  cooling 
water  tn  counter-current  condenser. 

1044  -h  50  =:  20.9  times  the  amount  of  condensed  water  for 
cooling  water. 

In  actual  practice  for  temperatures  of  cooling  Avater  ranging 
from  60  to  70  degrees  circulating  pumps  have  been  installed  for 
volumes  of  cooling  water  ranging  from  40  to  70  times  that  of  the 
condensed  water.  At  the  low  ratio  of  40  to  i  the  cooling  water 
temperature  must  be  close  to  60  degrees  for  so  high  a  vacuum  as 
27.5-incli,  and  even  then  considerable  difficulty  is  experienced  in 
maintaining  the  27.5  inches  unless  the  ratio  of  cooling  surface  to 
pounds  of  steam  condensed  is  i  to  8  or  better. 

From  the  above,  thermon^etcrs  on  circulating  inlet  and  dis- 
charge are  recommended  as  valuable  detectors  of  air  leaks  in  the 
condenser  and  piping. 

CAPACITY  OF  DRY-AIR  PUMPS 

From  the  experience  obtained  in  their  own  plants  and  in 
testing  others,  the  committee  recommends  that  the  capacity  in 
cubic  feet  of  volume  swept  by  the  air  piston  of  the  dry-air  pump 
be  not  less  than  45  times  the  volume  of  the  condensed  steam,  and 
where  overload  conditions  are  frequent  not  less  than  50  times  the 
water  volume. 


SIZES  OF  CONDENSERS  AND  AUXILIARIES 

The  turbine  installations  concerning  which  we  have  received 
information  where  28  inches  of  vacuum  is  maintained  with  a  cool- 
ing-water temperature  of  70  degrees  Fahrenheit  show  a  minimum 
ratio  of  cooling  surface  in  the  condenser  to  steam  condensed  of  6.9 
square  feet  i>er  pound.  But  the  more  usual  ratio,  even  where  the 
cooling  water  is  5  to  10  degrees  lower  in  temperature,  is  8  to  9 
square  feet  i>er  pound.  In  the  first  instance  noted  above  it  is  to  be 
remarked  that  the  ratio  of  circulating  water  to  condensed  water 
is  70  to  I ;  with  greater  cooling  surface  ratios  the  proportion  of 
cooling  water  is  reduced. 
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STEAM   USED  hV  AUXILIARIES 

These  figures  are  obtained  from  letters  sent  to  us  by  turbine 
owners : 

3  20O-kw  De  Laval  exhausting  into  one  condenser. 

3000  gallons  per  minute  circulating  pump;  2-stage  dry- 
vacuum  pumps  8x  I2X  12-16:  duplex  wet-vacuum  pump;  15-kw 
turbine  exciter.    Steam  by  auxiliaries,  2.6  pounds  per  kilowatt. 

Byllesby  &  Co. : 

Steam  per  kilowatt  at  half  load,  3.5  pounds. 

BOSTON    EDISON    COMPANY 

5000-Kw   Turbine  Unit 

Kilowatia  on  turbine 2,713  3,410  4.75^ 

Vacuum , 28.4  28.7  a8,6 

Barometer..... 2^.53  29.95  29.96 

Boilcr-fced  pump,  i-hp 13.9  33.7  27.4 

Circulating  pump,  I'hp 69.1  69.1  69.1 

Dry-vacuum  pump,  i-np 24.3  23.2  23.8 

Step-bearing  pump,  I  hp  .- , 6.4  5.8  5.6 

Wci-vaeuum  pump  e.hp 8.6  9.3  9.8 

Tola!  povvrr  for  auxiliaries 123.3  *3*»  ^35-7 

Per  cent  of  power  of  auxiliaries  to  power  of 

turbine 3-4  2-9  2.1 

Percent  of  water  used  by  auxiliaries  to  that 

used  b]^  turbine 8.4  7.4  5.7 

TEST     REPORTED     BY     NASHUA     LIGHT.     HEAT     AND      POWER 

COMPANY 

500-Kw  Curtis,   Rated  Water  per  Hour  20,5  Pounds 

Steam         SteatD       Poundt  i        Drfcr^t* 

[>er  hour    per  bour  diSercPce  percent  stiper- 
SAiuraied  luperheat   per  hour  diRerence    heat 

Accumulator  pump   ....   130,9  130.9         

Dry-air  putnp.. 181.58  183.13       

Boiler-feedpump 352- '5  249.58  102.57     29.12     71.98  Peed  pumps 

WcsiiuKboufse  jun.  driv-  act  as  wet 

ing  circ.  pumps 663.64  439.36  234.28     33.79     97.65      vacuum 

pumps 

Totals 1,328.27  1.002.97 

Per  cent  of  rated  water  consumption  of  turbines 
at  full  load. .;..... 12.9  per  cent  9.78  percent 

Dry-air  pump,  6-incb  by  is-inch  /t3     93  r.p.in. 

Boiler-feed  pumps,  7.5  X  4.5       „ 

; — ; —  Q.B  r.p.m, 

lo-iach      '         '^ 

Centrifugal  putnp  engine,  7-inch  by  fi-lncti. 

It  is,  however,  a  question  whether  tlie  extra  cost  of  steam  for 
driving  larger  auxiliaries  for  high  vacuum  work  is  of  any  great 
moment,  as  such  steam  is  of  considerable  value  in  the  feed  heater. 
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It  is  to  be  noted  also  that  tliese  figures  are  for  total  consumption  of 
auxiliaries  and  that  the  increase  of  steam  necessary  to  obtain  two 
inches  more  than  26  or  28  inches  must  necessarily  be  very  small. 

There  has  recently  been  introduced  in  this  country  a  con- 
denser using  corrugated  plates  instead  of  tubes  in  the  condensing 
vessel,  known  as  Ljuugstrom.  The  claims  made  for  this  con- 
denser are  that  it  occupies  less  space,  weighs  less,  is  built  in  a 
sectional  form,  and  can  be  more  readily  inspected  and  repaired. 

As  to  its  relative  merits,  the  committee  has  been  unable  to 
examine  any  condenser  of  this  type.  Of  course,  perhaps,  it  is 
needless  to  mention  that  this  would  not  change  any  surface  con- 
densing plant  so  far  as  auxiliary  apparatus  is  concerned. 

Test  on  iooo-Kw  Turbine  at  the  Plant  of  the  Hartford 
Electric  Light  Company,  Hartford,  Conn.,  on  April 
6,  1905: 

TURBINE 

This  turbine  is  a  1000-kw  Parsons  type  of  turbine,  built  by 
the  Westingliouse  Machine  Company,  Pittsburg.  Pa.,  and  runs  at 
1800  revolutions  per  minute.  The  generator  is  a  6o-cycle,  2-phase, 
2400-volt  alternator,  huilt  by  the  Westinghouse  Electric  Company. 

condenser 
The  condenser  was  built  by  the  Alberger  Condenser  Com- 
pany, with  6000  square  feet  of  cooling  surface,  and  is  of  the  coun- 
ter-current type  3-pass,  with  steam  entering  at  the  bottom  and  the 
condensed  water  taken  from  a  hot  well  cast  in  the  bottom  of  the 
condenser  and  with  dry-air  pump  suction  taken  from  the  top  of  the 
condenser.  This  condenser,  with  its  dry-air  pump  and  circulating 
pump,  is  intended  to  handle  the  exhaust  steam  from  two  turbines 
of  the  size  noted  above. 


CIRCUT-ATING  PUMP 

Built  by  the  Alberger  Company,  and  is  a  14-inch  vertical- 
axis  centrifugal  pump  driven  by  a  vertical  Westinghouse  type  "C** 
constant-speed  induction  motor  running  at  580  r.p.m.  and  rated 
at  50  horse-power. 

DRY-AIR   PUMP 

An  Alberger  2-stag^  pump  with  cylinders  8,  18,  18  and  24- 
inch  strc^e. 
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WET-AIR    I'UMP  __ 

Also  built  by  the  Alherger  Company,  and  is  a  horizontal 
duplex  pump  f>-tnch  by  5.5-inch  by  6-inch,  with  4-inch  suction  anrl 
3-inch  discharge. 

LOCATION    OF   AUXILIARIES 

The  exhaust  from  the  turbine  is  taken  out  of  the  bottom  of 
the  low  pressure  and  runs  down  vertically  to  a  lead  which  brings 
the  exhaust  horizontally  into  the  bottom  of  the  condenser.  The 
dry-air  pump  is  situated  directly  above  the  condenser,  with  as 
short  a  connection  as  possible  to  the  pump.  There  is  no  air  cooler 
on  the  dry-air  suction,  as  the  air  is  taken  out  of  the  coldest  part 
of  the  condenser.  The  wet-vacuum  pump  is  situated  alongside  of 
the  condenser  immediately  below  it,  and  connected  to  the  hot  well 
v\'ith  a  short  run  of  pipe. 

OPERATION  OF  TURBINE 

Throughout  the  time  of  test  the  turbine  operated  very  quietly 
and  without,  to  uur  minds,  any  appreciable  vibration  througli  all 
the  loads,  from  no  load  to  50  per  cent  overload.  The  operating 
engineer  devoted  the  principal  portion  of  his  time  to  the  attention 
of  the  auxiliaries.  We  endeavored  to  impress  upon  the  Hartford 
Electric  Light  Company  that  our  test  of  this  turbine  was  to  be 
done  under  strictly  normal  conditions  of  running. 

In  tfiis  station,  from  the  statemenis  of  the  operating  people, 
we  find  they  usually  take  anywhere  from  20  minutes  to  half  an 
hour  to  put  the  turbine  into  Inad.  and  that  they  seem  to  think  it 
good  policy  on  their  part  always  to  take  this  time.  The  Westing- 
house  representatives  claim  that  a  good  average  time  under  operat- 
ing condition  should  be  15  minutes,  and  that  they  have  in  an 
emergency  got  the  turbine  in  in  seven  minutes. 


OPERATION  OF  AUXILIARIES 

The  auxiliaries  for  the  turbine  in  this  plant  require  the  prin- 
cipal attention  of  the  one  engineer,  the  wet-vacuum  pump  requir- 
ing attention  in  starting  up,  in  order  that  same  may  not  become  air- 
bound.  During  the  running  of  the  turbine  the  dry-air  pump  has 
to  be  watched  at  very  high  vacuums  on  account  of  apparently  in- 
different regulation  at  those  points.  In  this  connection,  however, 
it  must  be  remembered  that  this  one  dry-air  pump  is  intended  to 
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take  care  of  two  turbines  of  this  size.  The  station  people  report 
that  they  have  considerable  trouble  with  carbonization  of  oil  in 
their  second-stage  cylinder  of  the  dry-air  pump,  to  the  extent  of 
partially  closing  air  ports  into  the  cylinder  and  making  the  air 
relief  valves  stick  open. 

LOADS 

The  loads  on  the  turbine  at  all  times  were  purely  commercial 
in  the  respect  that  the  current  generated  was  used  for  lighting  and 
motor  driving.  We  were  favored  as  regards  steadiness  of  load  at 
this  plant  by  the  fact  that  while  we  were  testing,  all  the  current 
generated  for  this  company,  with  the  exception  of  this  station,  was 
done  by  two  water-power  plants  working  in  parallel  with  this 
station  and  governed  by  a  Lombard  governor. 

The  condenser  was  tested  for  leakage  and  found  to  be  abso- 
lutely tight.  There  were  two  leakage  tests — one  before  beginning 
our  test  and  one  after.  The  steam  gauges  were  tested  as  warm  as 
possible  several  times  through  the  test.  The  thermometers  were 
compared  and  calibrated  before  the  beginning  of  the  test  and 
after  the  same. 

TESTING  APPARATUS 

The  electrical  testing  apparatus  consisted  of  two  wattmeters 
and  two  voltmeters,  one  set  on  each  phase,  with  their  respective 
transformers.  These  instruments  were  brought  from  New  York 
in  the  hands  of  the  assistants  on  the  test,  and  after  returning  to 
New  York  from  Hartford  thty  and  their  transformers  were  sent 
to  the  Electrical  Testing  Laboratories  of  this  city  for  calibration. 
Tlie  calibrations  have  been  applied  to  the  readings  for  kilowatts. 

The  steam  apparatus  consi.stcd  of  carefully  standardized  ther- 
mometers placed  in  the  steam  chest  in  front  of  the  admission 
valve  and  in  the  exhaust  pipe  on  the  horizontal  leg  leading  to  the 
condenser.  There  were  also  steam  gauges  on  the  steam  pipe  close 
to  the  turbine  and  on  the  first  stage  of  tht  turbine,  and  a  mercury 
column  on  the  exhaust  nozzle  close  to  the  turbine  casing.  Baro- 
metric readings  were  obtained  from  the  W'eathcr  Bureau  at  Hart- 
ford and  corrected  for  the  level  of  the  station,  and  the  corrected 
readings  applied  to  the  readings  of  the  mercury  column  to  give 
us  our  absolute  pressure. 

Water-weighing  apparatus  consisted  of  two  weigh  tanks  on 
two  platform  scales  with  a  receiving  tank  below.  The  water  was 
led  to  these  tanks  with  valves  so  placed  that  it  could  be  directed  at 
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will  to  either  one  tank  or  the  other.  Standard  test  weights  were 
obtained  in  the  city  of  Hartford,  and  the  scales  tested  and  found 
to  be  correct. 

TESTS — DURATION   AND   NUMBER 

In  all,  eleven  tests  were  run,  of  which  nine,  including  the 
leakage  test,  were  reported  to  you.  It  was  the  desire  of  the  Hart- 
ford Electric  Light  Company  that  all  tests  that  we  should  make 
be  made  withm  one  twenty-four  hours.  This  was  accomplished 
with  the  eleven  tests  spoken  of  above,  but,  owing  to  the  limited 
time,  we  were  prevented  from  making  any  further  extended  tests. 
The  conditions  in  this  plant  were  such  that  variations  at  will  of  the 
superheat  could  not  be  made,  and  you  will  notice,  from  the  rec- 
ords of  the  test,  that  the  superheat  followed  tlie  line  of  load,  as 
also  did  the  vacuum  and  steam  pressure.  This  quality  in  the 
steam  pressure  and  superheat  is  due  to  the  fact  that  there  were 
only  two  boilers  in  die  plant,  and  they  were  connected  directly 
with  the  superheaters  and  in  such  a  manner  that  they  could  not 
be  by-passed  in  order  to  mix  saturated  steam  with  the  super- 
heated steam. 

Each  test  was  of  one  hour's  duration,  with  the  exception  of 
the  no-load  test,  which  was  half  an  hour.  This  turbine  at  the 
time  of  the  test  had  not  as  yet  been  covered  with  non-conducting 
material,  although  the  middle  lagging  was  in  place  about  the 
turbine. 

TABLES  AND   CURVES 

The  tables  and  curves  contain  the  data  from  the  test.  Table 
No.  2  contains  the  actual  figures  obtained,  corrected  for  the  cali- 
bration of  the  various  instruments  used  on  the  test. 

In  Figure  4  the  total  water  curve  and  water  per  kilowatt- 
hour  are  shown.  It  was  impossible,  owing  to  the  lack  of  evi- 
dence from  the  tests,  to  make  any  correction  of  these  curves  for 
the  variations  in  superheat,  vacuum  and  steam  pressure.  We  are 
also,  for  the  same  reason,  unable  to  furnish  you  with  curves  show- 
ing the  effect  of  increase  of  vacuum  and  superheat. 

We  wish  to  thank,  through  this  medium,  Mr.  Rollins  of  the 
Hartford  Company,  who  very  kindly  gave  us  the  privilege  of 
running  this  test  at  a  time  when  he  had  sufficient  water  power 
for  all  electrical  purposes  in  his  water-power  stations. 

During    the    running    of    our    tests    Mr.    Hodgkjnson    of 
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and  in  view  of  this  circumstance  the  committee  has  considered 
it  undesirable  to  publish  the  results  at  this  time. 

It  should  be  stated  also  that  the  committee  had  expected 
to  conduct  other  tests  on  turbines  of  the  same  type  as  the  one 
on  which  the  above-mentioned  tests  were  conducted,  but  the 
necessary  apparatus  was  not  placed  at  its  disposal  in  time. 

This  year  your  committee  held  a  larger  number  of  meet- 
ings and  has  endeavored  to  cover  in  detail  the  operation  of 
turbines  in  the  users'  stations;  the  principal  work  of  the  com- 
mittee being  subdivided  among  the  members.  Mr.  Moultrop 
gave  special  attention  to  the  correspondence  with  users  of  stcau] 
turbines,  and  Mr.  Andrew  conducted  the  investigations  on 
condensers  and  auxiliaries. 

The  committee  appointed  Mr.  Chas.  H.  Parker,  of  Boston, 
and  Mr.  Walter  Goodenough,  of  New  York,  as  engineers  of 
tests  to  conduct  the  tests  for  the  committee,  and  we  wish  to 
express  our  appreciation  of  the  very  thorough  and  careful  man- 
ner in  which  the  work  has  been  done  by  these  gentlemen. 

The  committee  desires  to  extend  its  thanks  to  the  members 
for  uniform  courtesy  in  sn[>plying  information  in  detail  on 
the  operation  of  their  turbines  and  auxiliaries ;  also  to  the  manu- 
facturers for  their  assistance  and  the  liberal  spirit  in  which  the> 
have  discussed  the  various  questions  brought  to  their  attention. 

We  also  desire  to  express  our  thanks  to  the  British  manu- 
facturers and  firms  operating  turbine  auxiliaries,  and  especially 
to  the  firm  of  Messrs,  Mirrlees.  Watson  and  Company,  whc 
have  placed  at  our  disposal  data  on  14  turbine  plants  with  which 
they  have  been  identified. 

We  recommend  to  the  association  the  appointment  and  con- 
tinuation of  a  committee  on  steam  turbines,  so  that  further 
information  may  be  placed  at  the  disposal  of  members  of  the 
association,  and  we  believe  that  the  association  through  its  com- 
mittee may  be  of  material  assistance  in  standardizing  the  units 
and  in  encouraging  improved  efficiency. 

Respectfully  submitted, 

'  W.  C.  L.  Eglin,  Chairman, 
A.  C.  Dunham, 
Committee,-,  I.  E.  Moultrop, 
Geo.  W.  Cato, 
I  J.  D.  Andrew. 
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Mr.  Wiluams:  Mr.  President,  at  this  time  I  should  like 
to  propose  a  resolution  of  thanks  to  this  committee  and  to  incor- 
porate in  that  resolution  a  recommendation  that  this  committee, 
which  has  done  such  important  work,  be  continued. 

(The  motion  was  seconded  and  carried.) 

The  President  :  We  will  now  have  the  paper  on  Operating 
Features  of  Vertical  Curtis  Steam  Turbines,  by  Mr.  A.  H.  Kruesi, 
of  Schenectady. 


The  following  paper  was  presented  by  Mr  Kruesi: 

OPERATING  FEATURES  OF  VERTICAL  CURTIS 
STEAM  TURBINES 


Balance 

The  very  considerable  experience  already  had  with  turbines 
has  fully  demonstrated  the  claim  that  they  require  far  less  atten- 
tion and  adjustment  than  do  reciprocating  engines  to  insure  con- 
tinuous and  uninterrupted  service.  As  a  consequence  of  their  high 
speeds,  however,  the  centrifugal  forces  acting  on  the  rotating  parts 
are  of  far  greater  magnitude  than  those  which  occur  in  recipro- 
cating engine  units,  and  one  of  the  important  features  of  success- 
ful operation  of  turbine-driven  units  is  the  maintenance  of  a  good 
running  balance. 

The  first  essential  for  good  running  balance  is  a  good  align- 
ment of  the  top  bearing  with  respect  to  the  shaft.  This  can  be 
readily  determined  by  removing  the  top  bearing  and  shifting 
the  top  bearing  shield  of  the  generator  if  necessary.  Adjust- 
ing devices  are  provided  for  this  purpose.  The  shaft  should 
run  true  and  the  bearing  shield  should  be  concentric  so  that 
the  maximum  eccentricity  will  not  exceed  from  .002  to  .004 
inch  in  turbines  from  500  to  soookilowatt  capacity,  respec- 
tively. It  is  comparatively  easy  to  secure  such  freedom  from 
vibration  in  all  sizes  of  turbines  that  a  one-cent  piece  will 
stand  on  edge  at  the  top  of  the  machine  indefinitely,  and  after 
having  been  brought  to  this  condition  when  first  started  the 
machine  will  require  little  further  attention  on  this  account.  A 
liberal  flow  of  oil  through  the  bearings  is  desirable  both  for  its 
cushioning  effect  and  for  the  sake  of  lubrication.  The  balance 
cannot  be  considered  final  until  after  the  midline  has  been  thor- 
oughly heated  and  remains  unchanged.  The  balance  being  good, 
there  is  practically  no  load  on  the  guide  l>ea rings  and  consequently 
practically  no  wear.  Although  it  is  important  that  the  alignment 
be  good,  close  clearance  in  the  bearings  is  not  necessary  provided 
the  lubrication  be  ample. 

Bearings  and  Lubrication 

The  generator  bearings  require  the  same  attention  as  would 
be  given  to  ordinary  dynamo  bearings.    The  middle  bearing,  on 


174 

account  of  heat  con<luction  through  the  shaft  from  the  turbine, 
runs  warm,  but  with  perfect  satisfaction  because  of  the  light 
loads  imposed  on  it  by  the  vertical  shaft. 

ITie  oil  is  fed  to  a  reservoir  with  sight-feed  glasses  mounted 
at  the  top  of  the  generator  and  also  provided  with  an  overflow 
pipe  to  the  drain.  To  insure  a  full  reservoir  the  supply  is  adjusted 
to  cause  a  slight  overflow.  From  the  sight-feed  glasses  inde- 
pendent pipes  supply  oil  to  the  two  upper  bearings  under  a  suffi- 
cient gravity  head  to  insure  perfect  lubrication  imder  all  circum- 
stances. 

The  quantity  of  oil  required  for  the  top  and  middle  bearings 
of  turbines  of  various  sizes  is  given  in  the  following  table: 


AMOUNT  OF  LUBRICATION  REQUIRED  BY  BEARINGS 


UrrKi  Bbariho* 

Stbp  Bcaiinch 

Kilowatu 

Speed 

Gallons  Oil 
per  Minute 

Step  PrcM, 

Ealfle  Press, 

Pump  Press. 

Gallons  per 
Minute 

500 

8C30 
1000 

1500 

3O0O 
3000 
5000 

1800 
1500 
laoo 

9DO 

750 
600 
500 

.38 
.38 
.50 
•50 
•50 
•75 
•75 

t8o 
180 
380 

3Q2 
420 
520 
640 

45 
45 
95 

lOO 

105 
130 
160 

225 
225 

475 
490 
535 
650 
800 

I.O 
1.5 

3-4 
3-4 

34 
3-4 
6.0 

This  oil  flow  includes  a  reasonable  amount  of  overflow  and 
requires  a  contintious  oiling  system,  generally  comprising  a  pair 
of  steam-driven  duplex  oil  pumps,  a  drain  tank,  and  an  cwerhead 
gravity  tank,  supplied  with  the  turbines.  The  tanks  are  designed 
so  that  the  oil  contained  in  the  pipe  system  can  not  cause  flootling 
and  so  that  the  steam-driven  pumps  may  always  be  nm  at  such 
a  speed  as  to  keep  the  upper  tank  always  filled,  the  surplus  oil 
returning  through  an  overflow.  The  tanks  contain  strainers,  but 
are  not  filters,  and  a  separate  filter,  connected  in  series  with  the 
return  pipe  from  the  upper  bearings,  is  always  desirable.  The  oil 
in  its  passage  through  the  bearings  is  not  exposed  directly  to  the 
air,  but  a  gradual  discoloration  and  collection  of  grit  is  inevitable. 


Slep  Bearing 

To  eliminate  the  [jacking  at  the  lower  end  of  the  shaft,  the 
step  bearing  is  generally  water-lubricated,  the  shaft  being  fitted 
with  a  bronze  sleeve  running  in  a  habbilt-lined  guide  bearing. 
With  water  lubrication  no  attention  is  required  beyond  running 
the  pressure  i>ump,  which  maj-  supply  one  or  a  number  of  turbines, 
the  division  of  the  water  being  automatically  cared  fur  by  the 
baffler,  the  purpose  of  which  is  to  make  turbines  of  the  same  size 
or  diiTerent  sizes  take  their  proportional  share  of  the  total  tlow 
of  lubricant  supplied  by  the  pumps.  This  bafOer  is  supplied  with 
everj-  vertical  steam  turbine  and  is  a  fluid  friction  device  of  simple 
construction  and  readily  adjustable  to  give  any  pressure  drop 
desired.  By  its  use  it  is  possible  to  operate  turbines  of 
500-kilowatt  and  5000-kilowatt  output  from  the  same  pumps 
and  piping  system  economically  and  satisfactorily  under  every 
condition. 

The  water  used  for  the  lut>ricatiou  of  the  step  bearing  and 
guide  bearing  is  ordinarily  permitted  to  flow  over  into  the  con- 
denser and  .so  on  to  the  hot-well  and  fccd-watcr  tank,  from  which 
water  is  again  taken  for  the  step-bearing  punjps  so  that  the  opera- 
tion of  the  step  bearing  neither  adds  water  to  the  boilcr-feed 
system  nor  subtracts  it  therefrom.  If  more  convenient,  it  may, 
of  course,  be  taken  from  any  other  source.  In  any  case  it  will 
be  seen  from  the  table  above  that  the  water  so  used  is  only  a  small 
percentage  of  the  tcHal  amount  required  for  the  turbine  at  full 
load  and  will  generally  be  less  than  the  amount  of  "make-up" 
required.  When  rutuiing  non-condensing  it  may  be  drained  direct 
from  the  step  bearing  if  desirable. 

Since  the  bafflers  used  in  series  with  each  step  bearing  are 
designed  to  give  a  large  drop  in  pressure  (atxiut  25  per  cent  of 
the  step  hearing  pressure)  there  is  no  object  in  reducing  the 
pressure  drop  in  the  piping,  which  may  be  proportioned  for  a 
velocity  of  500  feet  fxr  minute,  and  will  never  re(|uire  larger 
mains  than  1.5-inch  pipe,  extra  heavy  galvanized  iron.  Tlie 
branches  to  turbines  should  l>e  .75  inch  to  have  sufficient  strength, 
independent  of  the  pressure  they  carry. 

The  step  bearing  is  usually  supplied  with  lubricant  under  the 
requisite  pressure  by  duplex  double-acting  steam  pumps  of 
standard  pattern,  and  generally  each  of  sufficient  size  to  supply 
all  the  turbines  in  the  station.    This  mode  of  supply  and  the  step 
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bearing  itself  have  proven  entirely  satisfactory  and  reliable.  No 
machine  involving'  such  speeds  and  weights  as  are  encountered  in 
steam  turbines  can  depend  on  natural  lubrication.  The  step  l)ear- 
ing,  however,  has  shown  remarkable  sturdiness  when  subjected 
to  cessation  of  forced  lubrication,  To  illustrate  this  a  test  has 
■  been  made  in  which  a  500-kilowatt  turbine  was  run  up  to  speed, 
lubricant  and  steam  turned  off  simultaneously,  the  turbine  brought 
to  rest,  due  to  the  friction  of  the  step,  and  immediately  restarted, 
six  times  in  succession  without  difficulty  of  any  kind.  After 
raising  the  step  by  means  of  the  adjusting  screw  to  comi>ensate 
for  the  wear  of  the  plates,  they  were  just  as  good  for  further 
service  as  at  the  beginning,  although  naturally  somewhat  grooved. 

Waives  and  Governor 

The  needle  valves,  or  controlling  valves,  by  means  of  which 
each  of  the  main  valves  is  opened  or  closed,  as  has  l>ccn  repeatedly 
described,  require  in  some  of  the  earlier  machines  occasional 
regrinding  when  the  main  valves  open  slowly.  This  difficulty  has 
since  been  overcome  by  experiment  and  the  selection  of  more  suit- 
able materials  for  the  service,  and  by  the  use  of  steam  chests  of 
cast  steel  to  avoid  warping  under  the  influence  of  highly  super- 
heated steam.  With  a  view  to  still  better  operation,  various  forms 
of  mechanically  and  liydrantically-operated  valves  are  under  test  in 
service  conditions.  The  mechanically-operated  valves  derive  their 
motion  from  the  turbine  shaft  under  a  fixed  period,  depending 
upon  the  turbine  speed,  and  therefore  have  no  tendency  to  accu- 
mulate changes  in  speed  or  to  cause  hunting.  The  governor  controls 
the  number  of  valves  to  be  opened  or  closed  by  a  nimiificd  Corliss 
release  mechanism.  The  hydraulica!ly-of>erated  valves  are  posi- 
tively opened  and  closed  by  a  cam  shaft  under  the  control  of  a 
hydraulic  cylinder,  the  piston  of  which  connects  with  a  follow-up 
attachment,  which  makes  it  absolutely  non-hunting.  The  type 
ol  valve  mechanism  that  will  ultimately  prevail  as  the  simplest 
and  most  satisfactory  can  only  be  determined  by  practical  experi- 
ence, which  is  now  being  had  in  turbines  under  various  conditions. 
It  is  desirable  that  the  valve  casings  Iw  drained  to  the  casing  of 
the  turbine  to  avoid  pocketing  of  water  when  the  machine  is  at 
rest,  so  that  it  can  be  started  and  the  load  quickly  applied  in  case 
of  need. 

The  governor  may  readily  be  set  for  any  desired  speed  and 
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degree  of  regulation  within  reasonable  limits  by  simple  adjust- 
ment of  the  tension  and  characteristic  of  its  spring.  It  is  custom- 
arily set  for  two  per  cent  regulation  between  no-load  and  full 
load.  Engines  which  regiilate  within  two  per  cent  are,  however, 
seldom  met  with.  The  very  large  fly-wheel  effect  of  the  turbine 
generally  enables  it  to  exert  a  steadying  influence  on  the  whole 
system. 

Clearance 

ITie  amount  of  clearance  given  between  stationary  and  revolv- 
ing parts  has  been  faxed  by  extensive  experience  and  is  made 
sufficient  to  satisfy  the  most  exacting  practical  requirements.  For 
example,  instantaneous  loads  have  often  been  applied  to  a  2000- 
kilowatt  turbine,  by  means  of  an  oil  switch,  amounting  to  50  per 
cent  overload,  both  condensing  and  non-condensing,  and  instan- 
taneous loads  of  from  7500  to  8000  kilowatts  have  been  thrown 
off  and  on  a  5000-kiIowatt  machine  repeatedly  with  perfect 
freedom. 

The  rapidity  with  which  the  machine  may  be  started  up  is 
not  in  any  way  limited  by  the  clearance  of  the  machine  and  is 
only  controlled  by  the  speed  with  whicli  the  steam  piping  may  be 
warmed  up.  This  depends  upon  the  judgment  of  the  engineer, 
and  no  fixed  time  can  be  set.  It  will  generally  be  found  that 
the  auxiliary  engines  and  other  apparatus  determine  the  time. 
This  is  especially  the  case  where  superheaters  are  used,  it  being 
necessary  to  use  some  caution  in  opening  valves  to  avoid  heavy 
doses  of  water  previously  condensed  in  the  superheater  tubes, 
steam  pipes,  and  so  forth.  Such  accumulations  of  water  are 
always  possible  in  steam  headers  and  pipes  having  dead  ends  or 
sluggish  circulation,  and  point  to  the  need  of  separators  for 
engine-driven  auxiliaries  and  just  as  careful  means  for  draining 
piping  for  superheated  steam  as  would  be  provided  if  super- 
heaters were  not  used.  Sudden  doses  of  water  have  sometimes 
caused  damage  to  the  auxiliary  apparatus  in  turbine  stations,  but 
have  never  caused  trouble  to  the  turbine  proper  except  when  water 
came  in  such  large  quantities  as  to  prevent  the  flowing  of  steam 
and  thus  momentarily  slowed  the  machine  down.  As  a  rough 
guide  it  may  be  stated  that  500-kilowatt  machines  have  been 
started  up  from  a  cold  condition,  synchronized,  and  made  to  carrv 
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load,  in  six  minutes'  time.  Ctrtain  1 500-kilowatt  machines  have 
frequently  been  started,  synchronized,  and  made  to  carry  load,  m 
three  minutes.  It  is  in  genera!  desirable  to  start  up  the  turbines 
condensing- — that  is,  with  the  circulating  water  in  flow  and  the 
air  pump  running  so  as  to  have  a  vacuum  while  the  turbine  is 
being  brought  up  to  speed — as  the  ammmt  of  steam  and  the  time 
of  acceleration  are  thereby  very  much  reduced. 

Auxiliaries 

The  multi-stage  construction  of  the  turbine  aflfords  the 
facility,  which  has  been  made  use  of  in  some  cases,  for  abstract- 
ing steam  after  being  partly  expanded,  for  feed- water  heating 
and  other  similar  purposes.  The  steam  tlius  expanded  in  the 
turbine  is  more  economically  used  by  the  turbine  than  by  most 
types  of  engine-driven  auxiliary  apparatus  and  so  offers  an 
economical  means  for  making  use  of  electrically-driven  auxiliaries, 
which  are  generally  more  desirable,  011  account  of  less  cost  for 
attendance  and  maintenance  without  the  disadvantage  usually  inci- 
dental to  electrically-driven  auxiliaries — natuely,  insufficiently 
heated  feed  water.  It  is  possible  to  build  small  turbines  of  the 
Curtis  type  which  will  yield  exhaust  steam  for  feed  heating  even 
more  economicaliy  (for  the  reason  that  the  pressure  in  the  main 
turbine  varies  with  the  load),  and  such  machines  are  frequently 
employed  as  exciters-  Their  simplicity  and  reliability,  combined 
with  the  absence  of  lubricating  oil  in  the  exhaust,  makifig  it  pos- 
sible to  use  open-feed  heaters  and  waste  no  water,  will  no  doubt 
create  a  demand  that  will  justify  their  development  for  driviti^ 
centrifugal  circulating  pumps,  hot-well  pumps,  feed  pumps,  and 
so  forth.  Means  arc  at  hand  for  simply  and  automatically  varying 
the  speed  of  such  turbine-driven  pimvps  according  to  the  load 
on  the  main  turbine. 

Condenser  Bases 

Condenser  bases  of  the  general  type  illustrated  in  Figure  1 
have  been  designed  for  all  sizes  of  turbine  from  500-kilowatt  to 
5000-kilowatt,  and  several  have  been  in  successful  operation  for 
some  time  past  in  connection  with  2000  and  5000-kilowatt 
machines.  The  500-kilowatt  size  has  a  cooling  surface  of  1800 
square  feet,  the  larger  sizes  four  square  feet  of  surface  per  kilo- 
watt; all  with  four  passes.     \\'hi!e  no  direct  comparisons  have 
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condenser.  Any  type  of  auxiliary  apparatus  may  be  used  with 
the  base  condenser,  and  the  auxiliaries  will  cost  about  the  same 
in  either  case. 

Low-Pressure  and  High-Pressure  Turbines 

A  niunber  of  turbines  are  no\v  under  constniction,  designed 
to  work  at  an  initial  steam  pressure  of  15  pounds  absolute,  and 
expanding  to  the  best  vacuum  obtainable,  taking  steam  at  this 
initial  pressure  from  the  exhaust  of  reciprocating  engines  in 
plants  already  built,  but  operating  non-condensing.  The  energy 
available  between  these  pressure  limits  is  approximately  equal  to 
that  due  to  the  drop  in  pressure  in  the  engines,  and  the  turbine 
may  be  expected  with  a  27-inch  vacuum  to  develop  a  kilowatt- 
hour  for  about  42  pounds  of  steam,  so  that  the  output  of  the 
engines  will  be  equalled  and  the  station  capacity  and  output 
doubled,  if  low-pressure  turbines  are  installed  of  the  same  rated 
capacity  as  the  engines,  without  adding  to  the  equipment  of  boil- 
ers, high-pressure  steam  piping,  and  so  forth,  and  without  increas- 
ing the  coal  consumption.  The  turbines  receive  only  what  steam 
is  exhausted  by  the  engines,  and  their  output  will  therefore  vary 
in  the  same  degree  as  the  load  on  the  engines,  the  turbines  floating 
on  the  system  and  contributing  as  much  power  to  the  total  station 
output  as  the  amount  of  steam  supplied  by  the  engines  makes 
available.  The  amount  of  steam  taken  from  the  boilers  is  then 
controlled  solely  by  the  cut-oflF  of  the  reciprocating  engines.  Since 
the  no-load  steam  consumption  of  the  turbines  will  be  less  than 
that  of  engines  of  the  same  output,  the  turbines  will  never  be  a 
drag  on  the  engines. 

Turbines  operating  at  the  other  extreme  of  the  steam-expan- 
sion curve  are  also  under  consideration,  taking  steam  at,  say,  250 
pooinds  pressure  and  expanding  it  to  no  pounds  pressure,  after 
which  the  steam  is  used  for  pulp  digesters  and  other  heating  pur- 
poses. Since  the  whole  of  the  latent  heat  of  the  steam  is  recov- 
ered by  such  a  process,  and  as  it  would  be  nearly  all  lost  if 
exhausted  into  a  condenser  in  the  ordinary  way,  such  operation 
is  very  economical,  the  electrical  output  of  the  turbine  being 
obtained  by  an  altogether  insignificant  addition  to  the  coal  con- 
sumption that  would  be  required  for  heating  alone.  The  amount 
of  energy  made  available  per  pound  of  steam  through  thts  range 
in  pressures  is  relatively  small,  but  can  be  economically  made 


use  of  in  the  type  of  turbine  under  discussion,  and  by  a  machine 
of  reasonable  size,  because  of  the  small  volume  and  high  density 
of  the  steam.  For  the  same  reason  the  number  of  turbine  parts 
is  small,  and  while  the  exhaust  pressure,  and  therefore  the  shell 
pressure,  is  very  higli,  all  difficulty  on  account  of  shaft  packing 
is  completely  eliminated  by  a  modification  of  the  water  step  bear- 
ing already  referred  to  above. 

Steam  Piping 

To  conform  with  prevailing  practice  based  on  steam-engine 
experience,  the  steam  pijx's  for  Curtis  turlnnes  have  been  propor- 
tioned for  a  steam  velocity  of  about  6000  feet  per  minute  at  fuU 
load,  non-condensing.  Economy,  both  in  capital  cost  and  in  opera- 
tion, however,  makes  small  piping  desirable,  and  there  are  a  num- 
ber of  reasons  why  the  whole  of  the  steam  piping  for  turbine 
stations  should  be  designed  on  a  different  basis.  The  low  velocity 
mentioned  is  probably  well  suited  to  engine  work,  to  avoid  vibra- 
tion of  the  piping  due  to  the  pulsations  in  flow  of  the  steam, 
which  do  not  exist  in  the  case  of  the  turbine,  and  to  hold  the 
pressure  drop  within  the  economical  limit  imposed  by  the  engine 
and  give  the  full  pressure  up  to  the  point  of  cut-oflf.  The  turbine, 
on  the  other  hand,  takes  steam  continuously,  and  the  maximum 
flow  is  the  same  as  the  average.  A  reduction  in  pressure  below 
that  for  which  the  engine  cylinder  and  cut-off  dimensions  are 
designed  causes  a  larger  increase  in  steam  consumption  than  in 
the  case  of  the  turbine,  whose  mode  of  operation  makes  it  more 
flexible  in  this  respect.  An  increase  in  the  pressure  drop  allowed 
between  boiler  and  turbine  is  even  more  justifiable  when  the  steam 
is  superheated,  in  order  to  reduce  radiation  losses,  and  involves 
no  increase  in  initial  cost,  boilers  costing  substantially  the  sanie 
whether  built  for  150  pounds  or  200  fXDimds.  The  mere  increase 
in  pressure  from  150  pounds  to  175  pounds  by  gauge  reduces  the 
volume  by  12  per  cent  and  permits  a  six  per  cent  reduction  in 
the  diameter  of  pipes.  It  therefore  seems  desirable  to  make  the 
rated  boiler  or  safety-valve  pressure  about  25  pounds  higher  than 
the  rated  turbine  pressure  and  permit  a  certain  variation  in 
pressure  under  extreme  conditions,  and  correspondingly  less  for 
normal  load,  and  so  fortli,  thereby  reducing  the  size  of  the  pipes 
and  fittings  and  materially  reducing  the  cost  of  the  piping,  secur- 
ing drier  steam,  avoiding  the  frequent  blowing  of  pop-valves ;  and 
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incidentally  another  important  advantage — namely,  less  trouble 
from  leaky  steam  joints,  especially  when  superheated  steam  is 
used.  It  is  sometimes  found  that  the  only  satisfactory  joints  in 
turbine  plants  are  those  on  the  turbine  itself,  pointing  to  the  need 
of  heavier  flanges  and  Ijolts.  The  dimensions  of  the  turbine 
flanges*  have  been  proved  satisfactory  by  years  of  experience, 
and  are  therefore  given  here  in  Figure  3  and  Tables  ii  and  III. 
Leaky  joints  on  fittings  are  probably  sometimes  due  to  the  warp- 
ing of  cast  iron  on  account  of  its  want  of  elasticity  and  extreme 
expansion  under  superheated  steam.  Valve  Ixxlies  of  steel  cast- 
ings and  valve  seats  of  nickel  bronzef  are  unquestionably  superior 
for  such  work. 

Much  of  the  difticulty  with  pipe  joints  is  no  doubt  due  to 
insufficient  elasticity  and  provision  for  expansion,  and  this  can 
be  largely  overcome  by  the  use  of  the  smaller  piping  here  advo- 
cated, by  reason  of  the  fact  that  the  flanges  and  bolts  of  small 
pipes  are  relatively  stronger  than  those  of  the  larger  sizes  and 
because  flanges  on  small  pipes  are  subjected  to  smaller  forces 
lending  to  spring  them  and  open  the  joints,  for  the  reason  that 
the  forces  set  up  in  the  pipe  bends,  used  to  afford  flexibility,  arc 
relatively  much  smaller  for  the  smaller  sizes  of  pipe. 

The  expansion  of  the  pipes  is  inevitable,  and  is  the  same 
regardless  of  the  size  of  pipe,  but  the  force  brought  to  bear  on 
the  flanges  and  fittings  of  a  six-inch  pipe  will  be  about  four  times 
as  great  as  those  for  a  four-inch  pipe,  and  two  and  one-half  times 
as  great  for  a  12-inch  pipe  as  for  a  ntne-inch  pipe.  An  example 
may  be  of  interest :  Figure  2  shows  four  450-horse-power  boilers 
connected  in  the  mast  direct  manner  to  a  2000-kilowatt  turbine. 
We  may  consider  that  the  lx)ilers  would  ordinarily  have  six-inch 
nozzles,  that  eight-inch  pipe  would  be  used  to  carry  the  steam 
from  two  boilers,  enlarging  to  10-inch  to  carry  that  for  the  four 
boilers,  uniting  with  a  12-inch  header  and  continuing  10  inches  in 
diameter  to  the  turbine.    As  an  extreme  case  these  may  be  com- 


*  Designed  by  W.  A.  Pearson. 

f  Approximate  composhion,  copper  77  ;  tin  10  ;  zinc  4  ;  nickel  g. 
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TABLE   II 
Steam-Pi PF  Flangfs,  Cast  Iron 
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TABLE  III 
Stiam-Pipe  Flanges,  Steel 


Holes 


Bolt 
Sites 


For  steam  superheated  lOO  degrees  Fahrenheit  above  175 
pounds  gauge  pressure  the  volume  will  be  increased  about  15  per 
cent,  but  this  amount  of  superheat  will  reduce  the  steam  consump- 
tion of  the  turbine  about  10  per  cent,  so  that  the  velocity  would 
be  only  about  five  per  cent  greater  than  for  saturated  steam  carry- 
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ing  the  same  load,  and  the  piping  system  would  be  equally  suitable 

for  either  as  regards  velocity  and  pressure  drop.  The  pressure 
drop  for  the  high-velocity  piping  can  only  be  regarded  as  approx- 
imate. It  is  based  on  a  steam  flow  corresponding  to  25  per  cent 
overload  on  the  turbine  axid  represents  some  loss  of  energy,  but 
probably  not  a  totai  loss  of  the  energy  corresponding  to  the 
pressure.  It  seems  likely  that  most  of  the  energy  represented  by 
drop  in  pressure  will  be  converted  and  become  available  in  the 
form  of  a  slight  amount  of  superheating  or  evaporation  of 
entrained  moisture.  This  conclusion  seems  reasonable,  since 
whatever  loss  there  may  be  must  take  the  form  of  heat,  and, 
furthermore,  it  requires  a  fixed  amount  of  work  to  transport  the 
given  weight  of  steam  the  required  distance,  regardless  of  the 
velocity.  If,  however,  the  drop  in  pressure  is  all  charged  up 
against  the  high-velocity  piping  as  a  loss  of  energy  in  the  turbine 
at  the  rate  of  .05  poimd  increase  in  water  rate  at  full  load  per 
pound  drop  in  pressure — a  very  liberal  allowance — it  will  still  be 
found  that  the  net  operating  cost  will  be  less  than  that  of  the  low- 
velocity  piping,  if  credit  is  given  the  smaller  piping  for  its  lower 
radiation  losses,  which  occur  24  hours  a  day ;  and  if  credit  is  given 
the  smaller  piping  for  the  saving  in  interest,  depreciation,  and 
repairs  it  effects  on  the  capital  cost,  taking  these  fixed  charges 
at  10  per  cent  and  the  load  factor  at  33  per  cent.  Coal  is  taken 
at  $2.50  a  ton,  and  the  evaporation  at  nine  pounds  per  pound  of 
coal.  This,  as  stated  above,  is  an  extreme  case,  and  a  higher  load 
factor,  higher  price  for  coal,  or  a  few  unavoidable  elbows  in  the 
pipe  line,  will  materially  increase  the  size  of  pipe  and  fittings. 

Steam  Consumption 

Altliough  somewhat  outside  the  scope  of  this  pajx-r,  the  fol- 
lowing table  of  tests*  is  presented  as  being  of  interest  in  show- 
ing the  improvements  constantly  being  eflfected  in  this  turbine  by 
extensive  experiment  and  development : 


•  Made  by  A.  R.  DodRc.  Schenectady,  N.  Y. 
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TESTS  ON  2O0O-KIL0WATT  TURBINE 
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*  No  load,  with  field. 


The  tests  that  are  plotted  in  Figure  4  were  made  on  a 
2000-kilowatt,  four-stage  turbine  of  essentially  the  same  design 
as  machines  built  two  years  ago,  but  run  at  a  higher  bucket  speed 
and  embodying  improvements  in  buckets,  nozzles,  and  so  forth, 
which  when  incorporated  in  machines  designed  hereafter  will 
give  the  same  or  better  results. 
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Fig.  4 — Tests  on  3000-KiLowATr  Turbine 


It  can  be  shown  that  the  saving  in  capital  cost  alone  between 
turbine  and  engine-driven  units  effects  a  saving  in  fixed  charges 
equivalent  to  a  large  rediiction  of  the  water  rate.  The  saving 
of  the  condensed  steam  by  the  turbine  where  feed  water  must  be 
bought  at  ordinary  city  rates,  is  also  considerable,  as  is  that 
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effected  by  the  less  attendance  necessary  for  the  turbine.  All 
of  these  considerations,  however,  are  of  minor  importance  as 
compared  with  the  reduction  in  steam  consumption  indicated  by 
these  tests,  because  there  is  hardly  any  part  of  the  equipment  of 
a  power  station  whose  capital  and  operating  costs  can  not  also  be 
reduced  as  a  direct  result,  such  as  boilers,  stack,  coal-handling 
apparatus,  condensers,  pumps,  and  so  forth;  or,  in  other  words, 
a  reduction  of  lo  per  cent  in  the  water  rate  of  the  turbine  means 
a  station  of  lo  per  cent  greater  capacity  and  output  for  the  same 
investment,  fixed  charges,  and  operating  expense. 

The  President:  The  discussion  on  the  report  of  the  com- 
mittee and  on  the  paper  just  read  will  be  postponed  until 
to-morrow  morning  at  ten  o'clock  promptly. 

(The  meeting  adjourned  until  ten  o'clock  Wednesday 
morning.) 


ORDER  OF  BUSINESS 


Wednesday,  June  7,   1905. 

THIRD  SESSION,   lO  A.   M. 

1.  Paper — "Series  Alternating-Current    Motors   for   Industrial 

Work."    By  Clarence  Renshavv 

2.  Paper — *'A  New  Type  of  Single-Phase  Alternating-Current 

Motor  for  Elevator  Work."    By  G.  Percy  Cole 

3.  Paper — "Long-Distance  liigh-Tension  Transmission  in  Cali- 

fornia."   By  John  A.  Britton 

4.  Report — Present  Methods  of  Protection  from  Lightning  and 

Other    Static    Disturbances.     Alex    Dow    and    Robert 
Stuart  Stewart,  Reporters 

5.  Paper — "The  Nernst  Lamp — Its  Present  Performance  and 

Commercial  Status."    By  E.  R.  Roberts 

FOURTH    SESSION,   8    P.    M. 

1.  Paper — "Some    Investigations    of    Inductive    Losses."      By 

E.  P.  Dillon 

2.  Paper — "The  Choice  of  an  Insulated  Cable."    By  Wallace 

S.  Clark 

3.  Paper — "Mercury  Arc  Rectifiers."     By  P.  D.  Wagoner 

4.  Report — Advertising  Methods.    Percy  Ingalls,  Reporter 

5.  Report — Sign  and  Decorative  Lighting.     LaRue  Vreden- 

j<URGH,  Reporter 

6.  Paper— "Free  Signs  and  Flat  Rates."     By  C.  W.  Lee 


THIRD  SESSION 

President  Davis  called  the  meeting  to  order  at  ten  o'clock, 
and  announced  the  first  business  to  be  the  presentation  of  the 
paper  on  Scries  AUcrnating-C\irrcnt  Motors  for  Industrial  Work, 
by  Mr.  Clarence  Rcnshaw.  of  Pittsburg. 


Mr.  Renshaw  read  the  paper,  as  follows: 

SERIES     ALTERNATING  -  CURRENT     MOTORS 
FOR    INDUSTRIAL    WORK 


The  commercial  production  of  the  series  alternating-current 
motor,  which  marks  such  an  advanced  step  in  the  development 
of  suburban  and  interurban  railways,  is  also  an  inipKirtanl  event 
from  the  standpoint  of  central-station  managers.  The  importance 
of  obtaining  day  loads  so  that  plants  may  be  kept  running  on  a 
profitable  basis  at  all  times  mstead  of  for  merely  a  few  hours  per 
day,  is  well  recognized,  as  is  also  the  fact  that  the  ideal  system 
for  central-station  work  is  one  that  permits  the  operation  of  all 
classes  of  lighting  and  power  service  from  the  same  machines  and 
circuits.  Except  for  supplying  the  most  densely  populated  sec- 
tions of  the  larger  cities,  the  polyphase  alternating-current  sys- 
tem is  now  the  recognized  standard  for  lighting,  and  by  the  use 
of  induction  motors,  power  for  a  majority  of  purposes  may  also  be 
supplied.  There  are  certain  classes  of  work,  however,  for  which 
induction  motors  are  not  entirely  suitable,  and  the  lack  of  a  satis- 
factory alternating-current  motor  suitable  for  the  work  to  which 
direct-current  series  motors  are  ordinarily  applied,  has  hindered 
to  some  extent  the  use  of  alternating  current  in  industrial  estab- 
lishments. 

The  use  of  alternating-current  inotors  for  the  operation  of 
mills,  factories,  etc.,  offers  an  excellent  chance  to  central  stations 
to  dispose  of  their  surplus  daylight  power,  so  that  the  develojH 
ment  of  the  series  motor,  extending  the  classes  of  work  that  can 
be  done  by  alternating  current,  and  thus  bringing  the  system  one 
step  nearer  to  the  ideal,  is  of  vital  interest  and  importance. 

Polyphase  and  single-phase  induction  motors  have  many  ex- 
cellent characteristics  and  are  well  adapted  for  purposes  requir- 
ing a  constant-speed  motor,  but  it  cannot  be  denied  that  for  the 
operation  of  cranes,  hoists,  and  similar  machinery  used  for  inter- 
mittent service,  they  are  not  as  satisfactory  as  series  motors. 

In  most  industrial  establishments  work  of  this  character  forms 
but  a  small  part  of  the  total  service  for  which  electric  motors  are 
required,  although  it  is  sometimes  of  sufficient  importance  to  neces- 
sitate the  choice  of  direct-current  apparatus  instead  of  alternating. 
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In  order  to  permit  such  establishments  to  be  operated  entirely 
by  means  of  alternating  current,  special  types  of  induction  motors 
have  been  designed  which  can  in  general  perform  these  classes 
of  service  better  than  the  ordinary  constant-speed  induction  mo- 
tors, although  not  as  satisfactory  as  the  direct-current  series 
motor. 

The  polyphase  induction  motor  is  similar  in  its  characteristics 
to  the  direct-current  shunt  motor,  and  when  this  fact  is  recog- 
nized the  reasons  for  the  above  statement  will  be  evident.  Variable- 
speed  machinery,  such  as  is  ordinarily  operated  by  direct-current 
series  motors,  usually  rcf|uires  a  large  starting  torque,  and  it  is 
also  desired,  in  general,  that  the  speed  of  such  machinery  should 
vary  inversely  as  the  load.  The  characteristics  of  the  direct- 
current  series  motor  are  such  that  the  torque  increases  much  more 
rapidly  than  the  current, so  that  with  double  full-toad  current, from 
two  and  one-half  to  three  times  full-load  torque  would  ordinarily 
be  developed,  and  also  that  the  speed  varies  widely  with  the  load. 
In  the  case  of  the  direct-current  shunt  motor,  however,  or  the 
induction  motor,  the  speed  is  nearly  constant  regardless  of  the 
load,  and  the  torque  is  nearly  proportional  to  the  current,  so  that 
in  order  to  obtain  three  limes  full-load  torque  practically  three 
times  full-load  current  would  be  required. 

Tlie  series  alternating-current  motor,  however,  has  in  general 
the  same  characteristics  as  the  direct-current  series  motor,  and  a 
line  of  small  motors  of  this  type  for  both  25  and  60-cycIe  circuits 
has  now  been  developed  and  placed  on  the  market  for  industrial 
service. 

This  type  of  motor  is  designated  as  "SC."  the  letters  indicat- 
ing '"Single-Phase  Commutator,"  By  its  use  cranes,  hoists  and 
similar  machinery  can  now  be  operated  as  satisfactorily  with  alter- 
nating current  as  with  direct  current.  The  type  SC  motor  is  of 
the  same  general  construction  as  the  single-phase  alternating- 
current  railway  motor  and  operates  on  the  same  principle.  It  has 
long  been  known  that  an  ordinary  direct-current  series  motor 
would  operate  with  alternating  current,  although  the  operation  was 
not  in  general  commercially  satisfactory.  The  various  difficulties, 
however,  have  now  been  successfully  overcome. 

Tlie  performance  of  these  motors  is  illustrated  by  the  curve 
sheets,  Figures  i,  2,  3  and  4.  It  should  be  noted  that  the  char- 
acteristic curves  of  both  the  25  and  60-cycle  motors  are  of  the 
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system  of  bell  cranks  and  levers.  The  operating  rod  can  be  con- 
nected to  either  the  right  or  left-hand  side  of  the  rocker  arm,  so 
that  two  controllers  may  be  nvounted  face  to  face  or  back  to  back 
as  desired.  A  single  movtmeiit  to  right  or  left  applies  or  reverses 
the  current.  The  circuit  is  broken  at  four  different  places  at  the 
same  time,  thus  diminishing  the  arc. 

The  motors  operating  the  hoists  of  a  crane  or  similar  ma- 
chine are  usually  provided  with  automatic  brakes,  which  serve  to 
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Fig.  5— No.  a  Type  SC  Motor,  Front  View 


hold  the  load  in  position  when  current  is  cut  off  from  the  motors. 
A  complete  line  of  such  brakes  has  been  designed  for  use  with 
the  type  SC  motors.  These  brakes  are  similar,  in  general,  to 
those  used  with  direct-current  motors  or  with  alternating-current 
induction  motors.  They  consist  in  general  of  a  brake  wheel, 
mounted  on  an  extension  of  the  motor  shaft  at  the  commutator 
end,  and  a  set  of  brake  shoes,  levers  and  magnet  coils  carried  on 
the  front  end  bracket  of  the  motor.    When  no  current  is  applied 


to  the  motors,  the  brake  shoes  are  applied  to  the  brake  wheel  by 
the  action  of  gravity  on  a  weight  attached  to  the  brake  shoes  and 
to  the  armature  of  the  brake  magnet  by  means  of  a  bell  crank 
lever.  As  soon  as  the  current  is  applied  to  the  motors  the  circuit 
of  the  brake  magnet  is  closed,  the  magnet  lifts  its  armature  and  the 
weight  and  thus  releases  the  brake. 

The  windings  of  the  brake  magnet  are  controlled  by  means 
of  a  small  switch  mounted  on  the  face  of  the  controller.     When 
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Fig.  6— No.  s  Type  SC  Motor,  Rear  View 


the  controller  is  moved  to  the  first  notch  this  switch  is  closed 
automatically  and  current  fiows  through  the  brake  magnet.  When 
the  controller  is  thrown  to  the  open-circuit  position  the  brakc- 
magnct  circuit  is  also  opened  and  the  brake  is  thus  locked  by  the 
weight.  An  additional  trolley  is  required  across  the  main  frame 
of  the  crane  for  each  brake  equipment. 

Since  this  type  of  motor  will  probably  find  its  g^reatcst  field, 
at  least  for  the  present,  in  the  operation  of  cranes,  the  special 
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auxiliary  devices,  such  as  controllers,  brakes,  etc.,  which  have  been 
described  above,  have  been  designed  for  use  in  connection  with 
the  motors  for  crane  service.  The  same  auxiliary  devices,  how- 
ever, with  possibly  slight  modifications,  are  of  course  applicable 
to  any  other  purpose. 

Where  a  number  of  type  SC  motors  are  operated  from  a  pvoly- 
phase  system,  it  will  be  well  lo  connect  some  of  the  motors  to  one 
phase  and  others  to  other  phases,  in  order  that  the  current  drawn 
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Fig.  7— Armatcre  of  No.  2   Type  SC  Motor 


from  any  one  phase  shall  not  be  sufficient  to  unbalance  the  cir- 
cuits. An  exact  balancing  is  not  necessary  in  such  cases,  par- 
ticularly where  induction  motors  are  operated  from  the  same  sys- 
tem, as  in  general  the  induction  motors  will  tend  to  preserve  a 
balance  by  taking  more  current  from  the  lightly  loaded  phases 
and  less  from  the  heavily  loaded  ones. 

In  general,  the  advantages  of  the  type  SC  motors  for  crane 
.service  and  similar  work  will  be  evident  at  once  when  it  is  under- 


lo  tons,  which  may  happen  occasionally,  a  torque  of  2I2  pounds 
will  be  required  at  the  motor  shaft  and,  under  these  circumstances, 
the  motor  will  run  at  680  r.p.m.  with  an  output  of  approximately 
28  horse-power,  and  the  speed  of  the  load  will  be  approximately 
23  feet  per  minute.  Since  such  a  heavy  load  is  lifted  only  occa- 
sionally, this  drop  in  s{>eed  is  of  smali  consequence. 

If  a  standard  induction  type  crane  motor  were  used,  and 
arranged  in  the  same  way  to  lift  five  tons  at  a  speed  of  33  feet  per 
minute,  this  motor  would  develop  20  horse- power  at  its  shaft  with 
a  torque  of  160  pounds  and  a  speed  of  700  r.p.m.  In  lifting  the 
lo-ton  weight,  however  (requiring  double  the  torque  for  the  five 
tons),  the  induction  motor  would  still  run  at  640  r.p.m.,  exerting 
approximately  T^y  horse-power,  and  the  speed  at  which  the  load 
was  lifted  would  be  approximately  30  feet  per  minute.  It  is  thus 
evident  that  if  an  induction  motor  is  used  it  must  be  capable  of 
exerting  2,7  horse-power,  while  a  series  motor  capable  of  exerting 
only  28  horse-power  will  suffice,  and  the  only  difference  in  the 
service  performed  by  the  crane  in  the  latter  case  will  be  the  fact, 
already  mentioned,  that  the  speed  of  lifting  drops  off  when  the 
occasional  very  heavy  loads  are  applied. 

Again,  if  only  a  very  small  load  is  to  be  lifted  the  speed  of 
the  series  motor  rapidly  increases,  so  that,  if  desired,  small  loads 
may  be  handled  very  quickly  when  circumstances  permit.  With 
the  induction  motor,  however,  the  speed  of  lifting  the  weights  and 
moving  the  crane  will  be  practically  the  same  with  no  load  as  with 
the  maximum. 

In  general,  cranes  and  similar  classes  of  machinery  have  to 
be  installed  capable  of  handling  maximum  Inads  much  heavier 
dian  the  loads  that  they  are  handling  the  majority  of  the  time,  and 
it  will  be  readily  seen  from  the  above  example  that  if  type  SC 
motors  are  used  instead  of  induction  motors,  not  only  will  the 
general  performance  be  more  flexible  and  satisfactory,  but  a 
smaller  motor  will  suffice,  and  a  considerable  saving  in  power  con- 
sumption may  be  effected. 

The  President:  The  paper  just  read  and  the  following 
paper  relate  to  allied  subjects,  and  we  will  discuss  them  together. 
The  next  paper  is  on  A  New  Type  of  Single-Phase  Alternating- 
Currenf  Motor  for  Elevator  Work,  by  Mr.  G.  Percy  Cole,  of 
St.  Louis. 


The  following  paper  was  read  by  Mr.  Cole: 

A  NEW  TYPE  OF  SINGLE-PHASE  ALTERNAT- 
ING-CURRENT MOTOR  FOR  ELEVATOR 
WORK  

The  employment  of  electric  motors  for  elevator  service  has 
been  very  general  during  the  last  few  years,  mainly  for  the  follow- 
ing reasons : 

There  is  a  considerable  saving  in  the  cost  of  installation  of 
an  electric  over  a  hydraulic  elevator,  since  the  latter  requires 
pumps  and  tanks  in  addition  to  the  elevator  mechanism. 

Tlie  electric  elevator  requires  very  little  space  coni|>ared  with 
a  hydraulic  machine,  since  the  whole  mechanism — motor  elevator 
and  drum — can  be  installed  at  the  top  of  the  elevator  shaft.  A 
space  six  feet  square  is  usually  sufficient. 

Operating  expenses  are  not  so  high,  since  the  simplicity  of 
operation  of  the  electric  elevator  does  not  require  the  attendance  of 
an  engineer. 

The  simplicity  of  electric-power  distribution  over  hydraulic 
distribution  greatly  aids  the  solution  of  the  problem  of  control. 
Tlie  electric  elevator  can  be  operated  by  rope  or  push-button  con- 
trol ;  the  employment  of  an  expert  operator  is  therefore  not  re- 
quired. In  fact,  with  this  latter  method,  no  operator  is  needed, 
since  push  buttons  operating  an  auxiliary  controtlLng  system, 
which  in  turn  operates  the  regular  controller  of  the  motor,  can  be 
placed  on  each  floor. 

The  large  amount  of  space  required  by  the  hydraulic  elevator 
often  necessitates  the  mechanism  being  placed  in  an  evoosed  posi- 
tion, thus  endangering  it  by  freezing.  With  the  electric  motor 
there  is  no  danger  of  its  freezing  up. 

The  operating  expense  of  an  electric  elevator  as  compared 
with  other  types  is  considerably  smaller,  with  the  exception,  per- 
haps, of  a  hydraulic  elevator  supplied  from  a  central-station 
accumulator;  for  in  the  business  centres  of  many  of  our  largest 
cities  a  number  of  hydraidic  elevators  can  be  supplied  from  a 
central  .station  at  a  very  reaionable  figure. 

For  the  above,  and  also  for  many  other  reasons,  the  electric 
type  of  elevator  has  found  great  favor. 

The  majority  of  electric  elevators  now  in  operation  in  Amer- 
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ica  employ  direct-current  motors,  the  usual  pressure  of  supply  in 
the  business  centres  being  220  volts,  and  in  the  outlying  districts, 
500  volts.  Polyphase  motors,  fitted  with  slip  rings  and  resistances 
for  variable-speed  work,  are  used  to  a  small  extent  in  this  country 
for  operating  elevators,  but  their  operation  can  not  be  considered 
to  be  at  all  satisfactory.  This  is  chiefly  due  to  the  very  great  dis- 
turbing effect  on  the  line  that  is  inherent  to  the  polyphase  induc- 
tion motor  when  thrown  on  the  full  line  voltage.  Being  essen- 
tially a  constant-speed  motor,  so  unsuited  is  the  polyphase  induc- 
tion motor  to  the  heavy  requirements  of  elevator  service  that  it  is 
extremely  unlikely  that  engineers  will  try  to  develop  it  further  in 
this  direction.  Elevator  service  demands  a  fair  amount  of  torque 
with  reasonable  starting  currents,  and  the  polyphase  induction 
motor,  alongside  of  the  continuous-current  motor,  in  these  respects 
makes  a  very  poor  showing  indeed. 

In  New  York  city  the  proportion  of  direct-current  motors  to 
pol\phasc  induction  motors  operating  elevators  is  in  the  ratio  of 
ten  to  unc ;  the  polyphase  motors  being  employed  chiefly  in  those 
sections  of  the  city  where  it  is  at  present  impossible  to  obtain  a 
dirert-curnnt  supply,  and  the  constrnctors  of  elevators  have  had 
no  alternative  but  to  employ  polyphase  induction  motors. 

In  many  of  our  largest  cities  we  now  find  the  power  com- 
panies changing  over  whole  sections  from  direct  to  alternating- 
current  supply.  In  fact,  in  many  cities  we  already  find  large  areas 
where  direct  current  can  not  be  had  at  any  price.  If,  therefore, 
the  electric  elevator  is  to  retain  its  hold,  it  is  imperative  that  we 
have  a  first-class  and  thoroughly  reliable  alternating-current 
motor.  As  either  polyphase  or  single-phase  currents  are  fre- 
quently ivailable,  the  central  station  could  often  connect  either 
type  of  motor.  But  as  elevator  service  usually  calls  for  motors  of 
relatively  small  individual  capacity,  there  are  many  reasons  why 
service  can  be  given  to  better  advantage  single-phase  than  poly- 
phase. This  fact  has  been  recognized  by  central  stations  and  also 
by  manufacturing  companies,  and  for  a  good  many  years  a  most 
energetic  effort  has  been  made  tn  develop  a  form  of  single-phase 
motor  construction  suitable  for  this  work.  Such  a  motor,  to  be 
entirely  satisfactory,  should  possess  the  starting  characteristics  of 
the  direct-current  series  motor,  and  the  nmning  characteristics  of 
the  direct-current  shunt  motor.  Designers  have  struggled  in  vain 
with  this  problem  until  quite  recently.    A  type  of  motor  is  now 
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available,  however,  which  affords  practicalJy  all  of  the  desirable 
characteristics  of  the  direct-current  elevator  motor,  and  it  is  this 
motor  which  the  writer  desires  to  briefly  describe. 

This  motor  is  the  invention  of  Mr.  Leo  Schuler,  an  electrical 
engineer  of  Frankfort,  Germany.  In  construction  it  is  a  com- 
bination of  the  repulsion  and  induction  forms  of  single-phase 
motors.  Mechanically,  the  motor  consists  of  an  ordinary  induction 
motor  frame.  It  lias  an  ordinary  induction  motor  stator  core, 
built  up  of  laminated  sheet  steel.  The  stator  winding  consists  of 
form-wound  coils,  distributed  in  slots  around  the  inner  periphery 
of  the  stator  core.  The  rotor  is  built  up  of  laminated  steel  in  the 
same  way  as  the  stator^  and  carries  a  progressive  wave  winding 
similar  to  the  usual  direct-current  armature;  on  one  side  is  pro- 
vided a  commutator,  and  on  the  other  side  three  collector  rings 
connected  into  the  winding  in  polyphase  relation. 

In  operation,  the  first  effort  of  rotation  is  secured  with  con- 
nections corresponding  to  the  well-known  repulsion  motor.  After 
the  armature  has  attained  about  one-quarter  speed  the  polyphase 
resistance,  connected  to  the  armature  through  the  slip  rings,  is 
thrown  in  and  gradually  short-circuited  as  the  armature  runs  up 
to  full  speed.  The  brushes  bearing  on  the  commutator  in  the  usual 
elevator  equipment  are  not  completely  short-circuited,  but  have  a 
fixed  resistance  interposed  between  them;  at  no  time  are  the 
brushes  removed  from  the  commutator. 

As  you  are  all  aware,  the  repulsion  type  of  motor  has  starting 
characteristics  very  similar  to  those  of  a  direct-current  series 
motor ;  that  is,  a  very  heavy  torque  is  secured  at  the  first  instant 
of  starting.  This  torque  decreases  rapidly  as  the  speed  increases. 
Correspondingly  the  current  taken  by  the  stator  winding  from  the 
outside  supply  circuit  also  decreases  rapidly,  and  this  is  also  the 
case  with  the  current  through  the  repulsion  brush  circuit.  On 
the  other  hand,  in  a  single-phase  induction  motor  the  torque  on 
the  rotor  at  rest  is  zero,  hut  increases  gradually  to  a  maximum  as 
the  speed  increases  toward  full  speed.  By  making  use  of  a  com- 
bination of  these  torques  the  inventor  of  this  motor  has  developed 
a  machine  that  has  exactly  the  torque  characteristics  necessary 
for  elevator  and  hoist  service,  and  has  substantially  combined  in 
a  single  machine  two  heretofore  well-known  forms  of  single-phase 
motors.  Torfjue  at  any  speed,  it  will  be  seen,  is  approximately 
equal  to  the  sum  of  the  torques  due  to  the  repulsion  effort  on  the 
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commutator  end  of  the  motor  and  to  the  induction  motor  eflfort  on 
the  slip  ring  end  of  the  motor. 

Eltvator  service  usually  requires  from  40  to  50  per  cent  excess 
of  full -load  torque  at  the  first  instant  of  starting.and  the  most  satis- 
factory types  of  direct-current  elevator  motors  provide  this  torque 
with  a  first  rush  of  current  not  to  exceed  50  per  cent  in  excess  of 
the  full-load  running  current.  In  other  words,  a  good  motor  for 
electric  elevator  work  shouhl  develop  the  same  torque  per  ampere 
of  starting  current  as  is  developed  per  ampere  of  running  current. 
The  single-phase  motor  described  in  this  paper  is  capable  of  a 
development  of  such  a  starting  efficiency;  in  fact,  by  a  suitable 
arrangement  of  starting  resistance  it  is  quite  possible  to  secure  a 
starting  torque  per  ampere  appreciably  in  excess  of  the  running 
torque  per  ampere.  One  of  the  novel  features  of  this  motor  is 
that  it  is  capable  of  speed  control  for  quite  a  percentage  of  its 
speed  range  by  rcgulatifin  of  the  polyphase  resistance.  It  has 
been  experimentally  found  that  successful  regulation,  dovi'n  to  as 
It.w  as  half-speed,  can  be  secured  without  trouble — the  motor 
acting  electrically  as  would  a  series  direct-current  motor  under 
armature  resistance  control. 

This  motor  may  properly  be  called  a  repulsion  induction 
motor  since  it  starts  as  a  repulsion  motor,  and  runs  practically 
entirely  as  a  single-phase  induction  motor. 

Figure  1  shows  one  of  these  new  single-phase  elevator  motors 
direct  coupled  to  an  elevator  mechanism  fitted  with  ro]>e  control. 
The  single-phase  supply  circuit,  also  the  controller,  can  be  clearly 
seen  at  the  left  of  the  cut. 

This  outfit  has  been  in  practical  service  over  a  period  of  five 
or  six  months  and  has  operated  with  extremely  satisfactory  results. 
Electric  control  mechanism  has  not  as  yet  been  developed  by  the 
manufacturers,  but  these  features  will  be  brought  out  as  adapta- 
tion of  the  motor  to  prevailing  forms  of  standard  elevator  con- 
struction is  effected  in  co-operation  with  the  various  prominent 
elevator  manufacturers  of  the  couiUry. 

There  has  been  considerable  inquiry  as  to  the  amount  of 
sparking  developed  on  the  commutator  of  these  equipments.  The 
writer  may  say  that  the  sparking  is  practically  nil.  The  life  of  the 
commutator  is  predicted  to  be  equal  to  that  of  best  direct-current 
elevator  motors. 

Among  the  more  conspicuous  advantages  of  this  motor  over 
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Other  t>^s  used  for  elevator  work  may  be  eniunerated  the  fol- 
lowing : 


(a)  In  this  t^-pe  of  motor,  it  is  not  the  line  current,  but  simply 
the  induced  armature  current  that  is  being  commutated. 
This  allows  of  the  primary  stator  winding  being  wound, 
say.  for  any  convenient  pressure  up  to  I  coo  volts. 

{b)  Control  can  be  from  a  distance,  since  only  a  throw-over 
switch  is  required  to  reverse  the  motor. 

(c)  Being  a  single-phase  motor,  the  simplicity  and  lessened 
first  cost  of  the  supply  circuit  distribution  bear  very 
largely  on  the  cost  of  the  installation. 

(rf)  The  commutator  can  be  kept  very  small,  since  it  is  only 
traversed  by  a  large  amount  of  current  during  the  starting 
period,  and  when  under  full  speed,  takes  practically  no 
current. 

(e)  Since  the  load  is  not  applied  abruptly  to  the  circuit,  but 
gradually,  this  elevator  motor  may  have  its  supply  circuit 
attached  to  the  same  transformer  carrying  lights,  without 
affecting  the  lights. 

(/)  The  power  factor  of  the  motor  is  quite  high,  being  about  8o 
to  85  per  cent,  both  in  starting  and  running  speed.  It  is 
worthy  of  note  that  in  polyphase  induction  motors  used 
for  this  same  service,  although  a  high-power  factor  is 
shown  at  starting,  the  average  running  power  factor  is 
only  36  per  cent,  showing  that  the  polyphase  motor  when 
ustd  for  elevator  service  was  much  larger  than  the  average 
conditions  would  call  for;  but  it  is  necessary  to  provide 
this  capacity  in  order  to  accommodate  any  heavy  loads 
that  must  occasionally  be  carried,  and  to  provide  sufficient 
static  torque.  The  high-power  factor  at  starting  of  the 
jKijyphase  motor  is  simply  due  to  the  enormous  copper  loss 
due  to  the  heavy  starting  currents. 
This  motor  is  capable  of  standing  heavy  overloads.  It  will 
develop  from  50  to  60  per  cent  overload  for  short  intervals 
without  injury  to  the  windings. 

(/»)  Low  starting  current,  which  is  inherent  in  this  type  of 
motor,  makes  it  possible  to  operate  it  from  one  leg  of  a  two 
or  three-phase  circuit  without  unbalancing  the  circuits. 


The  connections  for  operating  on  different  circuits  are  shown 
in  Figure  2. 
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Fig.  a — Connections  for  OpEHATist;  os  Dipferent  CiRctiTs 

In  conclusion,  I  may  state  that  we  believe  we  have  in  this 
motor  one  that  is  in  every  respect  the  equal,  and  in  many  ways  the 
superior,  of  the  best  type  of  direct-current  elevator  motor.  Its 
characteristics  are  such  that  the  acceleration  can  be  made  anj-thing 
desired.  The  field  tliat  it  will  occupy  is  indeed  very  broad.  ITie 
need  of  a  practical,  variable-speed,  alternating-current  motor  has 
long  been  feh  ;  and  it  is  our  belief  that  the  above  described  motor 
will  supply  that  want, 

DISCUSSION 

Mr.  Renshaw:  I  should  like  to  ask  Mr.  Cole  if  it  is  in- 
tended to  apply  this  motor  to  other  purposes  than  elevator  service, 
such  as  the  operation  uf  machinery  of  the  kind  ordinarily  used 
with  direct-current  series  motors.  I  notice  in  a  circular  that 
apparently  describes  the  same  motor  that  the  motor  can  be  adapted 
for  hoists  and  cranes,  and  I  should  like  to  ask  what  changes  are 
made  in  order  to  adapt  tlie  motor  for  such  purpose. 

Mr.  Eglin:  I  should  like  more  detailed  information  upon 
one  statement  made  by  Mr.  Cole  nii  |)age  204,  where  he  says.  "In 
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many  of  our  largest  cities  we  now  find  the  power  companies 

changing  over  whole  sections  from  direct  to  alternating  supply.'" 
I  wish  he  would  give  us  the  names  of  some  of  the  cities. 

Mr.  Dtiw:  1  ask  both  gentlemen  if  these  motors  are  being 
supplied  by  elevator  companies — companies  manufacturing  eleva- 
tors— to  their  elevators?  .-Xt  the  present  time  it  seems  that  if 
one  wishes  an  alternating-current  elevator  he  must  build  it  him- 
.*-elf  and  take  the  responsibility  for  it.  The  elevator-manufactur- 
ing companies — at  least  those  with  which  I  have  done  business — 
to  put  it  in  the  language  of  the  mountains,  "duck"  when  you  ask 
them  for  an  alternating-current  elevator.  Are  these  motors  to 
l>e  placed  in  the  hands  of  manufacturers  of  elevators,  and  arc 
these  manufacturers  to  put  out  complete  alternating-current 
elevator  equipments ?  If  so,  there  seems  to  be  some  hope.  But  if 
we  are  to  buy  the  elevator  equipment  in  one  place  and  install  the 
motor  independently,  as  we  have  had  to  do  in  the  past,  we  are 
not  much  ahead  of  where  we  were  several  years  ago. 

Mr.  Colk:  .Answering  Mr.  Renshaw's  question.  1  will  say 
that  it  is  our  intention  to  develop  this  type  of  motor  for  hoists 
and  traveling-crane  service,  and  we  intend  to  co-operate  witli  the 
manufacturers  of  traveling  cranes  to  that  effect;  and  the  same 
with  the  elevator  manufacturers.  In  one  of  our  bulletins  we  say : 
"The  installation  of  the  elevator  outfit  should  be  made  by  an 
elevator  manufacturer,  and  it  is  our  expectation  to  co-operate 
with  you  in  having  the  installation  contract  taken  in  the  name  of 
leltable  elevator  companies,  to  whom  this  company  will  supply 
the  motors  and  speed  controllers.  It  will  facilitate  the  adaptation 
of  this  apparatus  to  installations  you  may  have  in  hand  by  your 
recommending  to  us  such  elevator  companies  as  you  desire  to  bid 
on  any  given  installations,  and  we  will  at  once  place  such  elevator 
companies  in  a  position  to  bid  intelligently  on  the  necessary 
equipment,  with  installation  and  erection  charges  included."  This 
is  our  intention,  and  we  arc  already  co-operating  with  several 
manufacturers  of  elevators  to  that  effect. 

-Answering  the  question  in  regard  to  the  cities  that  are  chang- 
ing over  whole  sections  from  direct  to  alternating  current,  I  can 
not  name  the  exact  cities  at  present,  but  I  know  that  it  is  the  case 
in  a  good  many  places.  In  the  city  of  St.  Louis,  for  instance, 
there  is  a  section  in  which  you  can  not  obtain  anything  but 
alternating  current,  and  I  believe  this  is  true  in  many  other  cities. 


■ 


I  have  been  informed  to  that  effect,  but  can  not  at  present  give 
the  name  of  each  city  where  that  change  has  taken  place. 

Mr.  Renshaw:  I  wouU!  call  attention  to  the  fact  that,  in 
general,  the  type  of  motor  described  by  Mr.  Cole — in  which  I 
have  been  much  interested — seems  to  me  to  correspond  closely 
to  the  direct-current,  compound-wounci  motor,  and  for  such  ser- 
vice as  cranes  and  hoists  this  type  of  motor  is  but  very  little  better 
adapted  than  a  shunt-wound  motor.  A  compound-wound  motor, 
if  the  compound  winding  is  of  such  an  amount  as  to  give  the 
motor  constant  speed,  is  in  the  same  class  for  such  work  as  cranes 
and  hoists  as  is  a  shunt-wound  motor,  and  so  has  very,  few  of  the 
advantages  obtained  from  a  series  motor.  Of  course,  in  elevator 
service  the  compound-wound  is  what  is  desired  ;  but  for  cranes, 
hoists,  and  work  of  that  class,  an  alternating-current  motor  with 
series  characteristics  is  essential  in  order  to  get  the  full  advantage 
that  is  obtained  from  direct-current  crane  service. 

Mr.  Cole:  In  connection  with  the  motor  thai  Mr.  Renshaw 
describes,  on  page  195.  at  the  top  of  the  page,  he  states  that  t!ie 
25-cycle  motors  arc  wound  for  a  nominal  voltage  of  from  200  to 
220  volts  and  the  60-cycle  motors  for  a  voltage  of  no  to  125 
volts.  I  ask  why  can  not  the  6o-c>cle  motors  be  wound  for  the 
same  voltage  as  the  25-cycle  motors,  or  to  any  convenient  voltage 
up  to  500  or  600  ? 

Mr.  Renshaw:  The  voltage  depends  largely  on  the  size  of 
the  machine.  A  certain  number  of  commutator  bars  are  required, 
and  the  higher  the  frequency,  the  greater  the  number  of  commu- 
tator bars  for  any  given  voltage.  For  small  machines,  the  large 
number  of  commutator  bars  required  for  a  high  voltage  would 
make  the  bars  too  narrow  for  mechanical  strength  and  would 
make  an  impossible  construction,  and  it  is  on  that  account  that 
the  voltage  is  limited. 

lilSCUSSION    ON    STEAM    TURBINE 

The  President:  We  will  now  take  up  the  discussion  of  the 
steam  turbine,  the  reports  on  which  were  presented  yesterday. 
Do  any  of  the  members  wish  to  ask  questions  relative  to  the 
matter  ? 

Mr.  McCabe:  I  ask  Mr.  Kruesi  the  names  of  any  companies 
that  are  operating  turbines  with  exhaust  steam,  as  he  spoke  of 
vesterdav. 
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Mm.  Kal'Esi  :   There  are  do  such  utrbioes  oat  as  ycL     Some 
are  oeaily  canpktcd.  and  quiie  a  number  are  ordered,  but  nooej 
areooL 

Mm.  Egun  :  1  would  only  care  to  add  one  poiint  to  the  report 
presented  by  the  oononittce.  We  believe  that  we  shall  have  <»»- 
siderafaty  nxire  data  on  tests,  and  shall  possibly  have  some  infor- 
mation on  this  question  of  using  turbines  on  exhaust  steam — 
referred  to  in  the  report — before  the  report  is  printed  in  the  pro- 
ceeding. We  knew  of  one  or  two  proposed  cases,  bat  the  tur- 
bines were  not  installed  and  that  is  the  reascn  why  they  were  not 
entered  in  the  rcpoft.  There  are  two  sets  ordered  for  the  Phila- 
ddfrfna  Rapid  Transit  Company,  and  we  expect  to  get  infonnatioa 
oooceming  those  machines. 

The  committee  also  has  some  information  that  may  or  may 
fx>i  be  useful — information  of  a  general  character — and  any 
member  who  may  desire  sikH  information  can  get  it  by  corre^ 
spondence. 

The  Pbesidext:  If  there  is  no  further  discussion  we  will 
pass  on  to  the  next  paper,  Long-Distance  High-Tension  Trans- 
mission in  California,  by  Mr.  Jc^  A.  Britton.  of  San  FranciscoL 
Is  Mr,  Britton  in  the  rown?  As  Mr.  Brittons  paper  has  been 
printed  and  he  does  not  seem  to  be  here  to  present  it,  the  paper 
will  be  read  by  title  and  published  in  the  proceedings. 


LONG-DISTANCE    HIGH-TENSION    TRANSMIS- 
SION IN  CALIFORNIA 


The  state  of  Cattfornia  is  entitled  lo  the  credit  for  initial, 
original  and  pioneer  work  in  long-distance  electrical  transmission, 
not  only  in  the  actual  operative  length  of  lines,  but  also  in  the 
high  pressures  used  in  such  transnussion.  The  progress  made 
b)  the  financiers  atid  engineers  in  this  state,  during  the  past  ten 
years,  has  been  so  phenomenal  as  to  attract  world-wide  attention, 
with  the  result  that  there  is  a  constant  stream  of  those  interested, 
from  all  parts  of  the  world,  to  the  Coast,  to  observe  the  original 
work  being  done.  Not  only  is  California  concerned  in  its  trials  and 
triumphs  in  long-distance  iransmission.  but  it  has  been  the  pioneer 
ill  liigh-head  Iiydraulic  work,  as  developed  for  large  units.  A  reci- 
tation of  tile  developments  of  electric  transmission  in  the  state 
would  occupy  more  time  than  your  patience  would  admit  of,  but 
a  brief  resume  of  what  has  been  accomplished  in  the  past  ten 
years,  all  now  imder  the  control  of  the  California  Gas  and  Electric 
CoriX)ration,  may  not  prove  an  uninteresting  one. 

In  the  year  1888,  attentinn  in  the  engineering  world  was 
altractetl  by  the  Folsom  Water  Power  Company  determining  to 
build  a  dam  across  the  American  River,  near  the  town  of  Folsom. 
and  to  erect  a  power  house  some  two  and  one-half  miles  south 
of  the  dam  on  the  river,  conveying  water  by  a  canal  having  a 
capacity  of  40,000  miners'  inches,  to  low-head  turbine  wheels,  un- 
der a  head  of  65  feet,  l-'our  750-kiluvvatt  units  were  installed, 
generatiiig  current  at  800  volts,  stepping  up  to  10,000  volts,  and 
conveying  the  current  thus  generated  to  the  city  of  Sacramento. 
22  miles  distant.  The  promoters  of  this  enterprise  were  discour- 
aged by  the  inability  at  that  time  of  engineers  to  guarantee  that 
10,000  volts  could  be  safely  carried  that  distance  for  commercial 
purposes.  In  1895.  this  dream  became  a  reality,  and  Sacramento 
city  was  supplied  with  current  generated  at  Folsom.  While  the 
insulation  provided  gave  more  or  less  trouble  initially,  this  was 
gratlually  overcome.  In  1892.  the  late  A.  W.  Decker,  electrical 
engineer,  acting  for  the  San  Antonio  Light  and  Power  Company. 
at  Pomona,  Cal.,  recommended  the  installation  of  electric  equip- 
ment at  the  power  plant  of  that  company,  to  convey  by  means  of 
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with  generators  wound  direct  for  5000  volts.  The  water  was  con- 
veyed from  a  dam  on  the  South  Yuba  River  through  three  and 
one-half  miles  of  flume,  having  a  capacity  of  8500  cubic  feet  per 
minute,  and  delivered  to  a  42-inch  pipe,  -286  feet  long,  with  a  head 
of  190  feet.    There  were  installed  at  that  time  two  330-kw  units. 

From  these  small  begiunings  has  grown  a  system  throughout 
the  state,  aggregating  in  generator  capacity  at  present  installed, 
over  50,000  kilowatts,  and  units  of  5000  kilowatts  with  varying 
heads  up  to  1530  feet.  In  the  central  part  of  the  state,  utilizing 
the  waters  of  the  western  slope  of  the  Sierra  Nevada  mountains, 
there  are  at  the  present  time,  in  continuous  operation,  577  miles 
of  ditches,  25.5  miles  of  Humes,  operating  14  water-power  plants, 
having  installed  41  generators,  with  a  rated  capacity  of  50,7^)0 
kilowatts,  and  having  a  water  storage  in  numerous  lakes  aggre- 
gating over  3000  niillion  cubic  feet,  or  1.500,000  miners'  inches 
for  24  hours.  From  these  power-houses  there  are  in  continuous 
service  715  miles  of  pole  line  and  734  miles  of  circuit  operated  at 
50,000  lo  60.000  volts,  and  479  miles  of  circuit  at  voltages  vary- 
ing from  10,000  to  50,000.  and  90  miles  at  lesser  voltages,  not 
including  any  local  distribution.  Power  is  delivered  to  94  sub- 
stations, with  75,000  kilowatts  in  transformer  capacity  installed, 
scattered  over  21  counties  and  33  cities  in  the  state,  representing 
a  i)opulation  of  over  60  per  cent  of  the  entire  state  of  California, 
and  covering  an  area  of  15,000  square  miles.  This  power  is  regu- 
larly transmilted  232  miles,  and  by  rca.son  of  certain  conditions  at 
times  existing  at  the  diflferent  power  plants  necessitating  the  trans- 
mission over  all  lines  from  one  power  plant,  has  been  successfully 
operated  325  miles  at  55.000  volts. 

In  addition  to  the  transmission  of  power,  as  heretofore  and 
hereafter  enumerated,  it  may  lie  interesting  to  know  that  the  high- 
pressure  wires  supply  ig6i  miles  of  distribution  wires  in  service, 
from  2300  to  5000  volts,  and  serve  approximately  20,000  con- 
sumers for  lighting,  and  motors  of  100  horse-power  and  less, 
totaling  40.000  horse-power. 

As  the  writer  has  been  requested  to  confine  his  statements  par- 
ticularly to  the  subject  of  high-tension  work,  and.  in  a  general 
way.  avoid  all  technical  descriiitions,  avoidance  will  be  made  of 
unnecessary  details  of  power-house  operation,  or  of  the  operation 
of  the  hydraulic  systems  in  connection  therewith,  and  only  so  far 
as  it  may  be  necessary  to  illustrate  a  point  made,  this  paper  will 
be  concerned  solelv  with  the  transmission  lines. 
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In  no  other  portion  of  the  globe  where  long-distance  transmis- 
sion under  extreme  high  potential  has  been  used,  do  climatic  con- 
ditions exist  similar  to  those  in  California,  and  this  must  be  par- 
ticularly borne  in  mind  when  considering  the  work  that  has  been 
done,  the  problems  solved,  and  the  successful  conclusions  arrived 
at  in  the  determination  that  there  is  no  limit,  except  that  of  the 
earning  capacity  on  capital,  la  the  carrying  of  current  over  wires 
lo  any  distance. 

As  above  stated,  power  is  obtained  from  the  waters  flowing 
from  the  west  slope  of  the  Sierra  Nevada  mountains.  These 
n;ounlains  are  snow-capped  the  year  round,  and  some  of  the 
power-houses  are  within  the  snow  belt  which  exists  during  the 
winter  season,  hollowing  (iown  the  mountain  sides,  these  pole 
lines  emerge  into  the  vast  Sacramento  and  San  Joaquin  valleys, 
which  extend  from  Sierra  County  on  the  north  to  Kern  County 
on  the  south,  a  distance  of  approximately  350  miles,  and  will 
average  about  60  miles  in  width.  After  leaving  the  valleys,  the 
pole  lines  cross  the  Coast  Range,  lying  between  the  valleys  and  the 
Pacific  Ocean,  and  generally  follow  the  contour  of  the  bays  of 
San  Francisco,  San  Pablo  and  Suisun,  until  they  reach  the  com- 
mercial centres  of  distribution.  In  this  long  distance  traversed, 
they  are  subjected  to  extreme  climatic  conditions — from  the  colds 
and  frosts  of  the  mountains  to  the  severe  heat  of  the  valleys,  and 
to  the  coolinpf  fog-laden  winds  from  the  ocean. 

The  first  transmission  line  to  reach  the  ba\'  shore  was  that  of 
the  Bay  Counties  Power  Company,  carrying  current  generated  at 
Colgate  on  the  Yuba  River,  about  28  miles  northeast  of  the  city  of 
Marysville.  This  line  was  started  at  44,000  volts,  which  voltage 
has  since  been  raised  to  55,000.  The  construction  of  the  line  was 
of  round  cedar  poles,  from  the  state  of  Oregon,  an  average  height 
of  50  feet,  and  the  character  of  construction  substantially  that  now 
in  use,  but  with  a  less  separation  in  some  instances  than  was  sub- 
sequently found  necessary.  The  very  many  alterations  of  plans 
from  time  to  time,  as  different  conditions  obtained,  to  insure  ser- 
vice, need  not  be  here  recapitulated,  the  details  being  confined  to 
present  method  of  construction,  as  will  be  illustrated  by  photo- 
graphs and  cuts  annexed.  The  greatest  difficulty  encountered  in 
the  carrying  of  the  high  potential  was  in  and  about  the  bays  men- 
tioned, due  to  the  heavy  salt  fogs  that  for  certain  periods  of  the 
year  hang  densely  over  the  land,  sometimes  lasting  for  days.     In 


these  particular  districts,  the  insulation  has  broken  down  at  most 
unexpected  places,  causing  the  burning  off  of  poles,  and  shortening 
the  line.  The  new  four-part  insulator  herewith  illustrated,  with 
iron  pins,  has  entirely  overcome  this  defect,  and  for  the  past 
season,  under  the  most  trying  circumstances,  no  trouble  has  oc- 
curred, the  number  of  hours  of  shut-downs  upon  all  of  these 
lines  being  of  a  negligible  quantity. 

In  addition  to  the  conditions  named  of  transmission  over  and 
through  countries  of  varying  temperatures,  it  must  be  remembered 
tiiat  for  seven  months  of  the  year,  extending  usually  from  April 
until  the  first  of  November,  no  rain  falls  within  the  district  named, 
and  wfiere  the  pole  lines  run  along  or  adjacent  to  the  public  high- 
ways, where  heavy  teaming  for  all  purposes  is  carried  on,  they 
are  covered  with  a  fine  <lust,  which  arises  from  traffic,  and  are 
subjected  at  times  to  extremely  hot  north  winds.  For  the  remain- 
ing five  months  of  the  year  the  lines  are  subjected  from  time  to 
time  to  heavy  rains  and  to  the  high  winds  accompanying  the 
winter  storms.  Bearing  all  these  facts  in  mind,  it  is  nothing 
short  of  remarkable  that  within  a  period  of  not  over  four  years 
such  wcwiderful  results  have  been  obtained  in  transmitting  current 
ever  the  distances  involved:  for  the  establishment  of  the  Colgate 
plant,  and  the  carrying  of  current  into  the  city  of  Oakland,  its 
initial  distributing  point,  occurred  in  the  year  of  1901. 

One  of  the  greatest  engineering  feats  ever  accomplished,  and 
one  that  has  never  received  from  the  engineering  world  the  atten- 
tion which  it  deserves,  was  the  construction,  in  1901,  of  the 
famous  Carquinez  span  of  four  sttel  ca!»les,  suspemlcd  from  steel 
towers  (see  Figure  2).  This  span  crosses  the  Carquinez  Straits, 
connecting  San  Pablo  and  Suisun  bays,  and  is  4427  feet  in  length 
between  towers,  having  at  its  maximum  point  of  dip  an  elevation 
of  206  feet  above  high-water  line.  The  maximum  sag  of  the  wire 
between  the  two  steel  towers  on  the  north  and  south  sides  of  the 
straits  is  257  feet.  The  main  tower,  in  Solano  County,  on  tlic 
north  side  of  the  straits,  is  224  feet  in  height,  and  the  bluff  at  the 
[.oint  of  construction  is  162  feet  above  tide  water;  on  the  south 
side  the  tower  is  64  feet  in  height,  and  the  bluff  400  feet  above 
tide  water.  The  accompanying  sketch  will  convey  a  very  accurate 
description  of  this  span.  It  is  interesting  to  note  that  this  crossing 
has  given  absolutely  no  trouble  in  operation.  Both  of  the  towers 
]Tientioned  are  used  for  distributing  stations  to  the  different  manu- 
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facturing  cities  along  the  bay  shore,  besides  serving  as  general 

switching  stations. 

In  the  ordinary  construction,  spans  up  to  i8oo  feet  in  length 
are  constructed  in  the  mountains  across  deep  ravines,  using  ordi- 
nary 40-foot  round  cedar  poles  for  this  purpose.  A  good  sample  of 
this  work  is  shown  in  the  photograph  attached,  in  connection  with 
I  he  spans  from  the  de  Sabla  plant  to  the  Valley  Counties  Power 
Company,  in  Butte  County. 

Experience  has  demonstrated  that  the  form  of  lightning  ar- 
rester which  gives  good  service  at  low  voltage  is  absolutely  useless 
on  high-tension  lines.    While  these  were  first  installed,  they  have 
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Fjgs.  3  AND  4 — Illustration  or  60  ooo-Vol  r  Insulators 


since  in  every  case  been  abandoned.  At  the  present  time  nothing 
is  used  but  the  Horn  Gap  arrester.  As  the  voltage  of  the  lines  has 
been  raised,  and  the  insidation  increased,  the  datuage  due  to  light- 
ning is  steadily  decreasing.  It  is  well  to  state  that  beyond  the 
line  of  the  foot-hills  of  the  Sierra  Nevada  mountains,  lightning 
rarely  occurs;  possibly  once  a  year  throughout  the  Sacramento  and 
San  Joaquin  "valleys  and  along  the  bay  shore  are  there  any  dis- 
charges of  lightning  that  would  be  detrimental  to  the  lines. 

The  first  construction  of  lines  in  this  state  was  40  to  50  poles 
to  the  mile,  insulators  being  used  at  a  maximum  cost  of  15  cents. 
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Fig.  6 — Present  Method  ok  Constructing 
Pole  Tors  for  60,000  Volts 
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Fig.  13 — 60,000-VoLT  Double-Break  Oil  Switch 

latter  being  used  for  very  heavy  service  in  the  large  power-houses. 
Figure  13  shows  one  form  of  oil  switch,  and  also  shows  the 
method  of  constructing  fireproof  switch  galleries,  the  construction 
of  which,  so  far  as  the  writer  is  advised,  is  entirely  original  with 
the  Pacific  coast.  The  switching  is  done  by  opening  the  three 
legs  at  the  same  time,  the  single- poie  arrangement  having  been 
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found  to  be  extremely  unsatisfactory  for  obvious  reasons.  Figure 
14  will  illustrate  a  switch  for  disconnecting  a  bank  of  transformers 
from  the  bus-bars.  Figure  15  will  illustrate  the  past  methods  of 
construction  of  switches  and  transformers  for  high-pressure  wires, 
while  Figure  16  illustrates  the  present  method,  not  only  of  the  fire- 
proof switch  galleries,  but  of  modern  construction  of  a  power- 
house, showing  location  of  water-wheel,  generator,  exciter  and 
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Fig.  14— 60.000-VoLT  DiscoNNECTiNo  Switch 


switchboard.  Figures  i"  and  18  illustrate  the  present  method  of 
switching  arrangements  at  substations  for  connecting  and  dis- 
connecting lines. 

As  evidencing  the  care  exercised  in  protecting  low-tension  cir- 
cuits from  high-pressure  wires  where  the  low-tension  parallels  the 
high-tension,  in  the  event  that  there  should  be  any  fall  to  the 
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Fig.  i6— New  Arrangemknt  or  Firkproof  Switch  Gallertrs,  Etc. 
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Fig.  17 — Disconnected  Switchks 
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Fig.  18— Disconnecting  Switches 
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ground  of  the  insulation  ol  the  high  tension,  Figure  19  is  fully 
illustrative. 

Referring  to  cliart  Figure  17,  this  station  is  midway  between 
Colgate  plant,  heretofore  referred  to,  and  the  city  of  Oakland,  on 
the  bay  shore.  Each  line  shown  represents  a  three-phase  circuit, 
the  large  circles  representing  oil  switches.  Disconnecting  switches 
are  shown  on  each  side  of  the  oil  switches.  At  the  station  repre- 
sented in  Figure  18  there  is  no  regular  operator,  and  therefore 
in  regular  operation  switches  one  and  three  are  closed,  and  when 
necessary  to  open  the  line,  switches  Nos.  2,  4  and  5  are  closed ; 
then  No.  3  or  No.  i  opened,  and  then  the  oil  switch  No.  6,  which 
opens  the  line. 

In  addition  to  the  illustrations  heretofore  referred  to,  the 
difticnllies  attendant  upon  conveying  material  to  the  power-houses 
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will  be  noted  in  Figure  20,  and  an  illustration  of  hauling  the  upper 
part  of  an  armature  of  a  500okw  generator  to  one  of  the  mountain 
power-houses.  Thirty-six  horses  were  required  to  pull  this  ma- 
chine over  six  miles  of  mountain  road,  from  railroad  to  head  of 
pipe  line,  and  the  descent  from  the  penstock  down  the  mountain 
side  to  the  power-house,  over  four  miles  of  the  roadway,  having  a 
grade  of  approximately  10  per  cent,  was  attended  with  more  or 
less  dangers. 

Other  than  the  line  heretofore  mentioned,  conveying  power 
from  Colgate  to  the  Bay  of  San  Francisco,  the  line  of  the  Standard 
Electric  Company  to  the  power  plant  at  Electra,  on  the  Mokelumne 
River,  a  distance  of  142  miles  from  San  Francisco,  is  an  illustra- 
tion of  the  possibilities  of  the  increase  of  the  efficiency  of  the  line 
by  high  insulation.    When  first  constructed,  this  line  was  operated 
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at  33,000  volts,  which  potential  was  maintained  until  March,  1904, 
when  steps  were  taken  to  operate  it  in  parallel  with  the  other  lines 
controlled  by  the  California  Gas  and  Electric  Corporation,  the 
Bay  Counties  and  the  V^alley  Counties  companies,  and  it  was  at 
that  time  increased  to  55,000,  and  has  been  so  operated  ever  since. 
Tlie  type  of  insulators  in  use  in  March,  1904,  has  been  substituted 
for  the  four-part  type  illustrated,  in  such  sections  of  the  territory 
of  the  Standard  as  by  reason  of  climatic  conditions  called  for  a 
hig^her  insulation. 

Outside  of  the  immediate  fog"  belt  mentioned,  the  two  and 
three-part  types  of  insulators  have  been  found  extremely  efficient 
for  voltages  up  to  60,000,  and  experiments  have  been  made  to 
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Fig.  20— Mauling  Armaturr 


demonstrate  that  they  will  safely  carry  80,000  volts  without  break- 
ing down. 

The  progress  made  in  the  engineering  and  construction  work 
of  power-houses  has  kept  pace  with  the  progress  in  pole-line  work, 
and  insulating  and  switching  devices.  The  chart  herewith.  Figure 
21,  giving  the  areas  of  power-houses,  graphically  shows  the  con- 
traction of  areas  in  the  installation  of  large  units,  as  it  follows 
closely  in  the  line  of  distributmg  stations,  where,  as  ran  he  re- 
membered, the  belted  units  for  alternating-current  work  have  in- 
creased from  35  kilowatts  to  the  large  direct-connected  trnits  now 
in  vogue,  in  some  cases  as  high  as  12.000  kilo^vatts.  The  first 
installation  made  at  Electra,  in  1899.  of  five  2000-kw  units,  called 


for  a  floor  space  equal  to  1.16  square  feet  per  kilowatt ;  the  Colgate 
installation  made  in  1897,  of  9400  kilowatts,  called  for  0.98  square 
foot  per  kilowatt ;  tJio  recent  installation  at  the  dc  Sabla  power- 
house of  the  Valley  Counties  Power  Company,  of  9000  kilowatts, 
called  for  but  0.4  square  foot  per  kilowatt.  The  installation  now 
being  made  at  Electra  of  two  5000-kw  units,  calls  for  but  0.288 
square  foot  per  kilowatt.  Tlie  areas  given  include  room  for  trans- 
formers, switches,  and  so  forth. 

It  will  he  noted  that  the  first  installation  at  Electra  required 
four  times  the  floor  space  per  kilowatt  as  compared  with  the  work 
at  present  being  done,  and  illustrates  more  clearly  than  words  can 
convey  the  advancement  in  the  past  six  years.  It  is  believed  that 
the  floor  area  in  the  new  Electra  installation  is  less  than  that  of 
any  other  power  plant  in  existence  to-day.     In  these  plants  there 
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is  no  crowding  of  apparatus,  and  there  is  ample  room  for  all  opera- 
tion or  repairs,  and  in  future  work  it  will  be  safe  to  assume  that 
this  minimum  of  floor  space  can  he  still  further  reduced.  Reduced 
floor  area  means,  of  course,  reduced  operating  expenses,  as  well 
as  reduced  cost  of  construction. 

When  it  is  considered  that  the  operation  of  these  power  plants 
extends  to  an  infinit\-  of  uses,  from  the  moving  of  street  cars  to 
the  operation  of  lewing  machines,  from  factories  using  ponderous 
machinen,-  and  exacting  conditions  of  demand  to  the  most  minute 
uses  to  which  electricity  can  be  applied,  an<l  that  during  the  four 
years  of  active  operation  on  this  coast  new  contracts  are  con- 
tinually being  made  for  the  use  of  electricity  against  the  installa- 
tion of  steam  plants  that  might  be  operated  with  the  cheapest  fuel 
known  (which  is  California  oil  at  between  55  and  60  cents  per 
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unceasing.  Constant  lines  of  patrol  are  maintained  at  the  reser- 
voirs, on  the  flumes  and  ditches,,  and  along  the  pole  lines,  and 
direct  telephone  connection  is  made  by  the  patrolmen,  over  private 
telephone  lines,  to  the  central  power-houses.  By  the  construction 
of  the  double-pole  line  from  the  main  power-houses  to  the  bay, 
constant  service  is  insured,  because  it  is  but  the  work  of  a 
moment  to  switch  the  high  potentials,  by  means  of  the  switches 
illustrated,  from  one  line  to  the  other. 

Experience  with  aluminum  wire  along  the  bay  shores  has 
demonstrated  that  it  is  impervious  to  the  action  of  the  atmosphere 
heavily  laden  with  salt,  and  quite  as  eflFective  in  that  regard  as  the 
copper. 

The  President:  We  will  now  take  up  the  report,  Present 
Methods  of  Protection  from  Lightning  and  Other  Static  Dis- 
turbances, by  Messrs.  Alex  Dow  and  Robert  S.  Stewart,  of 
Detroit,  Mich.     Mr.  Dow  will  present  the  report. 


REPORT  ON  PRESENT  METHODS  OF  PRO- 
TECTION FROM  LIGHTNING  AND  OTHER 
STATIC  DISTURBANCES 


This  report  is  intended  to  be  a  brief  of  present  practice-,  with 
notations  thereon.  It  does  not  present  any  new  theories  or  de- 
vices. 

Preliminary  — Lightning  arresters  were  butU  on  a  kind  of 
■"hit-or-miss"  plan  until  Dr.  Lodge  showed  that  Hghtning  dis- 
charges differed  from  static  discharges  in  magnitude  only,  the 
same  laws  governing  both.  When  this  was  recognized  the  manu- 
facturing companies  carried  out  exhavistivc  tests  with  static  ma- 
chines on  variotis  protective  devices,  anci  in  this  way  developed 
prtrtective  apparatus  that  could  not  have  been  designed  had  it 
bet-n  requisite  lo  make  all  tests  on  live  lines  during  thunder  storms. 

After  long  tests  with  static  machines  had  indicated  the  best 
general  designs  the  apparatus  was  put  into  actual  service  in 
fJaces  where  thunder  storms  were  unusually  severe.  Many  minor 
changes  have  been  and  arc  still  being  made,  due  largely  to 
the  changes  in  tlie  kind  of  apparatus  t't  be  protected,  but  the  main 
features  of  the  standard  arresters  have  not  been  changed  in  many 
years. 

Duty  of  Lightning  Arresters — Transmission  lints  arc 
occasionally  subjected  to  excessive  high-potential  strains  that 
woidd  be  injurious  to  generators,  transformers  or  motors,  and 
it  is  the  function  of  a  lightning  arrester  to  protect  the  apparatus 
from  such  strains.  These  excessive  strains  are  due  to  the  follow- 
ing: 

First — Lightning:  During  a  storm,  if  the  potential  difference 
between  two  clouds  or  between  a  cloud  and  the  earth  becomes  ex- 
cessive a  disruptive  discharge  occurs.  This  discharge  is  usually 
oscillatory,  the  frequency  of  the  oscillations  being  very  high.  In- 
duced currents  are  set  up  in  all  the  surrounding  conductors,  even 
when  they  are  several  miles  distant. 

Lines  are  seldom  struck  by  a  direct  stroke  of  lightning,  and 
when  struck  the  damage  is  not  necessarily  serious,  if  the  line  is 
struck  some  distance  from  the  station,  for  the  line  chokes  back 


235 

Ihe  discharge.  Poles  are  split  by  the  lightning  traveling  down 
ihem  instead  of  following  the  line  into  the  station. 

A  good  example  of  the  action  of  a  direct  stroke  was  observed 
in  Detroit  some  years  ago.  One  of  the  street-lighting  towers 
was  struck  in  the  daytime,  when  no  current  was  on  the  lines,  the 
lines  being  thoroughly  grounded  at  the  station  a  mile  away.  As 
the  tower  was  of  iron,  the  main  portion  of  the  discharge  evidently 
traveled  down  this  to  earth.  Two  of  the  switches  at  the  top  of 
the  tower  were  burned  out,  the  current  jumping  from  the  tower  to 
the  line,  the  auxiliary  cut-out  in  one  of  the  lamps  was  raised  and 
the  contacts  welded  together,  showing  that  a  very  large  current 
had  flowed  through  this  contact.  This  current  then  traveled 
down  the  line  wires  to  the  base  of  the  tower  and  jumped  to  the 
case  of  the  switch  at  the  bottom  and  from  thence  to  earth.  Cur- 
rent also  traveled  down  all  four  gtiy  lines,  splintering  all  the  guy 
stubs.  To  one  of  these  stubs  a  guy  line  to  a  telephone  pole  was 
fastened.  A  portion  of  the  current  jumped  to  this  line  and  from 
there  to  a  trolley  wire,  puncturing  the  insulator  on  the  hanger. 
Nowhere  else  on  the  line  was  there  any  evidence  of  damage. 

The  daniage  sequent  to  a  lightning  discharge  is  in  most  in- 
stances the  work  of  the  induced  currents  set  up  in  surrounding 
or  adjacent  conductors.  The  potential  strain  is  usually  from  the 
line  to  earth,  but  may  be  (and  frequently  is)  between  the  several 
wires  of  a  circuit.  This  latter  is  more  likely  to  be  the  case  on  lines 
in  which  the  wires  are  strung  some  distance  apart. 

Second — High-frequency  waves  set  up  by  sudden  changes  of 
load  or  by  resonance :  These  waves  are  similar  to  the  induced 
currents  from  lightning,  but  the  frequency  is  not  so  high,  nor  is 
the  potential  difference  as  great.  The  maximum  strain  is  almost 
always  between  the  several  wires  of  the  circuit. 

Third — Static  charges:  A  line  insulated  from  the  earth  may 
become  charged  to  a  high  potential  if  the  climatic  conditions  are 
favorable.  A  very  dry  atmosphere,  hot-wind  storms,  sand  storms 
and  great  variation  in  the  altitude  of  the  pole  lines  are  some  of 
the  causes  of  static  charges.  During  severe  sand  storms  the  ar- 
resters may  not  be  able  to  keep  down  the  potential  of  the  hne, 
although  they  may  be  discharging  almost  continuously. 

The  best  methods  of  protection  are: 

First — Non-inductive  high  resistances  connected  from  the 
tircutt  to  the  earth. 
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Second — Lightning  arresters.  These  should  have  enough  re- 
sistance in  series  with  them  lo  prevent  the  discharges  from  be- 
coming oscillatorj'. 

Third — Overhead  ground  wires,  as  described  later. 

Essential  features  of  protective  apparatus: 

First — They  should  discharge  at  a  potential  slightly  higher 
than  that  of  the  system. 

Second— The  ordinary  working  of  the_  system  should  not  be 
affected  by  the  discharge. 

Third — The  electric  energyof  the  static  disturbance  should  be 
dissipated  as  rapidly  as  possible. 

Fourth — The  static  waves  should  be  prevented  from  develop- 
ing high-fKJtcntial  difference  m  generators,  transformers  and  other 
apparatus. 

First  condition:  An  ordinary  spark  gap  from  the  line  to  earth 
fulfills  this  perfectly.  The  gap  car.  be  set  to  break  down  at  any 
voltage  desired.  A  spark  gap  is  dispensed  with  altt^ether  in  some 
arresters,  the  line  Ijeiiig  connected  to  earth  through  a  non-induc- 
tive resistance  which  is  high  as  compared  with  the  resistance  of 
the  rest  of  the  circuit.  Water  jet  and  tank  arresters  are  examples 
of  this. 

Second  condition:  The  gap  once  broken  down,  the  line  cur- 
rent will  follow  unless  some  means  is  adopted  for  preventing  this. 
Inserting  resistance  in  series  with  the  gap,  sulxiividing  the  gap 
into  several  smaller  ones,  making  the  metal  cylinders  between 
the  gaps  of  some  non-arcing  material,  increasing  the  size  of  these 
cylinders  so  as  to  present  a  targe  cooling  surface  for  the  arc,  and 
blowing  out  the  arc  by  a  magnet,  are  the  methods  adopted  at 
present. 

The  third  condition  is  very  hard  to  comply  with,  as  static 
disturbances  differ  so  much  from  one  another.  To  protect  from  a 
direct  stroke  of  lightning,  as  little  resistance  as  possible  t^hould 
be  in  circuit.  If,  however,  the  line  is  charged  with  static  elec- 
tricity, oscillations  will  be  set  up  in  the  line  when  the  arrester 
discharges,  unless  a  certain  amount  of  resistance  is  in  the  circuit. 

Tlie  fourth  condition  requires  the  use  of  choke  coils  for  dis- 
turbances due  to  lightning,  or  combinations  of  choke  coils  and 
condensers  for  static  waves  due  to  short-circuits  and  other  sud- 
den changes  of  load. 
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DESCRIPTION  OF  THE  MAIN  PARTS  OF  STANDARD 

ARRESTERS 
Alternating  Curkent 

General  Electric  Arrester  for  Two  Thousand  Volts — Two 
one-thirty-second- inch  air  g^aps  are  connected  from  line  to 
earth  in  series  with  a  non-inductive  high  resistance.  Cylin- 
ders are  large,  to  give  a  large  cooling  surface  for  the  arc.  The 
current  is  kept  low  by  the  high  resistance  used.  For  protection 
from  stresses  between  the  separate  wires  of  line,  half  of  the  gaps 
are  cut  out  by  a  bridge  connecting  the  two  cylinders  which  are 
midway  between  the  line  and  earth.  The  arrester  thus  connected 
will  have  the  same  number  of  gaps  between  the  lines  as  from  the 
line  'vO  earth.  I-'or  very  high- voltage  systems  several  arresters 
are  connected  in  series.  This  arrester  should  protect  very  well 
from  ordinary  disturbances^  but  the  high  resistance  does  not  per- 
mit of  rapidly  dissipating  the  large  amount  of  energy  in  a  light- 
ning flash. 

iVcstingkouse  Arrester  for  Tzvo  Thousand  Volts — Six  one- 
thirty-second-inch  air  gaps  are  in  scries  from  line  to  earth.  Cylin- 
ders are  made  of  non-arcing  nvetal.  No  resistance  is  used  with 
this  when  connected  to  lines  fed  by  2200-volt  generators  of  mod- 
erate size.  When  a  higher  potential  than  2200  volts  is  used  more 
gaps  are  used  and  a  resistance  is  connected  in  series  with  ihe  ar- 
rester to  prevent  an  excessive  current  from  the  generator  flowing 
through  the  arrester.  This  arrester  protects  from  severe  flashes 
very  well,  but  as  the  length  of  air  gap  is  longer  than  in  the  Gen- 
eral Electric  arrester,  a  higher  difference  of  potential  is  required 
to  break  down  the  gap.  On  discharging  a  line  that  has  a  static 
charge  oscillating  waves  may  be  set  up  in  the  circuit,  since  no  re- 
sistance is  used. 

These  two  arresters  show  how  differently  two  companies  will 
sometimes  reason  in  designing  apparatus  for  the  same  service. 

IVestinghouse  Low-Equivalent  Arrester — This  was  designed 
some  five  years  ago  in  order  to  cut  down  the  number  of  gaps  re- 
quired in  the  standard  arrester  Avhen  used  on  very  high-voltage 
circuits.  It  consists  of  a  small  number  of  gaps  which  should  break 
down  at  a  little  above  the  line  voltage.  In  series  with  these  is  a 
high  resistance,  and  shunted  across  this  resistance  is  a  second  set 
of  gaps  equal  in  number  to  the  first  set.    In  series  with  the  whole 
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arrester  is  a  small  non-inductive  resistance,  to  keep  down  the  main 
current.  Non-arcing  metal  is  used  for  the  cylinders.  The  opera- 
tion is  as  follows:  If  the  potential  of  the  circuit  increases,  the 
series  gaps  break  down  immediately.  As  the  resistance  of  these 
gaps  when  broken  down  is  small  compared  with  the  high  resist- 
ance in  series  with  them,  practically  full-potential  strain  is  put 
on  the  gaps  shunted  across  this  resistance  and  they  will  break 
down.  After  the  static  discharge  the  arc  immediately  dies  out  in 
the  shunted  gaps  if  the  arrester  is  properly  designed,  and  the  high 
resistance  cuts  the  current  so  low  in  the  series  gaps  that  the  arc 
in  these  is  next  extinguished.  This  arrester  combines  the  good 
qualities  of  both  those  already  described,  for  it  furnishes  a  high- 
resistance  path  for  small  static  discharges  and  a  low-resistance  for 
violent  discharges.  ■* 

It  was  the  privilege  of  one  of  the  writers  to  install  the  firii 
of  these  arresters.  A  considerable  amount  of  lightning  trouble  had 
been  experienced  with  a  higli-voltage  generator,  several  generator 
coils  and  a  transformer  having  been  burned  out  in  a  single  year. 
The  generator  always  ran  through  heavy  thunder  storms,  but  a 
little  lightning  anywhere  along  the  line  would  cause  trouble.  The 
trouble  was  always  due  to  short-circuits^  the  discharges  never  go- 
ing to  earth  except  through  the  arresters.  The  arresters  were 
changed  by  shunting  part  of  the  gaps  by  a  high  resistance.  No 
trouble  had  been  refforted  from  this  plant  three  years  after  this 
change  was  made, 

I  Horn  Arrester — This  consists  of  a  single  large  gap,  the  sides 
of  which  are  horn-shaped  metal  pieces  to  which  iron  pieces  are  fas- 
tened. The  theory  of  the  arrester  is  that  the  discharge  across  the 
gap  sets  up  a  magnetic  field,  which  is  distorted  by  the  iron  pole 
pieces.  This  field  draws  up  the  arc  which  follows  the  discharge 
to  a  point  where  the  field  will  be  symmetrical  around  the  arc.  At 
this  point  the  gap  will  be  so  long  that  the  arc  will  be  extinguished, 
provided  the  current  through  the  arrester  is  kept  low  by  a  non- 
inductive  resistance.  When  used  on  very  high-voltage  systems  the 
air  gap  has  to  be  very  large  to  prevent  excessive  current  across 
the  gap.  To  remedy  this  fault  a  small  auxiliary  gap  and  a  high 
resistance  are  shunted  across  the  main  gap.  When  a  discharge 
occurs  across  the  auxiliary  gap  the  heat  of  this  starts  an  arc  across 
the  main  gap.  This  would  seem  to  be  a  defect,  for  by  (he  time 
the  arc  had  started  across  the  main  gap  all  the  damage  might  have 
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been  done  by  the  static  wave.  The  reports  concerning  this  arrester 
are  too  meagre  for  us  to  judge  of  its  operation.  It  is  used  on 
several  lines  in  Europe,  but  has  been  tried  very  iitde  in  this 
country. 

Water  Jet  Arrester — Water  jet  discharge  devices  have  been 
used  on  some  of  the  high-voltage  transmission  lines  in  Europe, 
and  these  are  reported  to  be  operating  very  satisfactorily.  Jets 
of  water  are  thrown  from  a  grounded  nozzle  against  terminal 
plates  that  are  connected  to  the  several  wires  of  the  circuit.  These 
columns  of  water  furnish  high  non-inductive  resistance  paths  from 
the  line  to  earth  for  any  static  waves.  The  power  lost  is  said  to 
be  about  three  kilowatts,  and  the  water  used  less  than  one  gallon 
per  minute.  It  would  seem  that  the  resistance  of  the  water  col- 
umns must  be  so  high  that  it  could  not  dissipate  the  energy  of  a 
violent  disturbance  with  sufficient  rapidity. 

DiRJicr-CURRENT  ARRESTERS  — In  direct-cuTfent  service  the 
arc  formed  by  a  discharge  is  much  harder  to  extinguish  than  in 
alternating-current  service.  Fortunately,  however,  direct-current 
voltages  are  usually  small. 

Thomson  Magnetic  Blow-Out  Arrester — In  this  the  single 
air  gap  is  between  two  metallic  honis.  An  electro-magnet  is  placed 
with  its  poles  opposite  the  lower  extremity  of  the  gap.  This  mag- 
net is  excited  either  by  the  discharge  current  or  by  the  main-line 
current.  The  magnetic  field  set  up  blows  out  the  arc  immediately. 
The  operation  of  this  arrester  is  very  satisfactory. 

Westinghonse  Direct-Current  Arrester — This  is  built  in  ac- 
cordance with  the  principle  that  if  the  voltage  across  a  gap  is  very 
low  no  arc  will  be  maintained  in  the  gap.  .\  large  number  of 
minute  gaps  are  connected  in  series.  Carbon  particles  are  used  to 
form  the  sides  of  these  gaps.  It  is  necessary  in  this  arrester  to 
keep  the  lines  of  carbon  particles  protected  from  the  air,  or  an 
arc  will  be  carried  across  the  air  above  the  carbon  and  will  bum 
up  the  arrester.  The  objectioji  to  this  arrester  has  sometimes  been 
njade  that  its  operation  has  to  be  taken  on  faith.  There  is  no 
evidence  of  discharge  unless  one  is  observing  the  arrester  at  the 
time  of  discharge.  Tell-tale  papers  in  a  small  auxiliary  gap  con- 
nected in  series  with  the  arrester  would  he  advisable. 

Gorton  Arrester — Two  gaps  are  connected  in  series  with  a 
non-inductive  resistance.  Shunted  across  part  of  this  resistance 
is  a  f.mall  coil.    On  discharge  the  current  in  the  coil  lifts  ;tn  iron 
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armature,  and  increases  the  It-n^h  of  one  of  the  gaps  so  much 
that  the  arc  is  immediately  extinguished.  The  most  serious  ob- 
jection to  this  arrester  is  that  it  contains  moving  parts.  If  a 
second  static  wave  follows  immediately  after  a  first,  the  air  gap 
at  this  time  will  be  so  long  that  no  discharge  can  occur,  and  the 
apparatus  on  the  line  may  be  subjected  to  a  dangerous  potential. 

iVestinghouse  Tank  Arrester — This  was  designed  many  years 
ago  for  the  protection  of  large  railway  stations.  Instead  of  air 
gaps,  a  tank  of  running  water  is  connected  directly  from  the  line 
to  ground.  The  current  taken  will  be  small  in  comparison  with  the 
load.  Tlic  arrester  is  disconnected  from  the  circuit,  except  during 
thunder  storms. 

Choke  Coils  — With  all  arresters  choke  coils  are  placed  be- 
tween the  arrester  and  the  apparatus  to  be  protected. 

A  coil  of  wire  offers  opposition  to  the  passage  of  an  electric 
discharge  through  it.  The  more  sudden  the  discharge  the  greater 
will  be  the  opposition.  The  opposing  e.m.f.  in  the  choke  coil  may 
be  so  high  that  the  path  across  the  air  gap  of  an  arrester  will  be 
easier  than  through  the  coil.  In  the  case  of  hghtning  the  dis- 
charges are  either  very  sudden  or  they  are  oscillatory  discharges 
of  very  high  frequency,  and  a  coil  which  offers  practically  no 
opposition  to  the  main  current  is  sufficient.  The  potential  at  a 
choke  is  greater  than  it  would  be  if  the  coil  were  not  present,  for 
the  potential  is  the  resultant  of  the  advancing  wave  and  of  the 
wave  that  is  reflected  by  the  coil.  This  resultant  will  always  be 
greater  than  that  of  the  advancing  wave  alone.  It  is  standard 
practice  to  divide  a  choke  coil  into  several  parts  and  to  pbce  ar- 
resters between  these  so  as  to  furnish  paths  to  earth  for  any  dis- 
charge that  has  passed  the  first  arrester. 

Distribution"  of  Arri^ters — In  long-distance  transmission 
the  lines  need  no  protection,  and  the  arresters  are  group>ed  at  the 
two  ends  of  the  line.  Several  choke  coils  are  used,  and  the 'arrest- 
ers are  connected  to  the  line  at  several  places  between  the  coils, 
so  as  to  be  sure  that  some  of  the  arresters  wilt  be  at  a  maximum 
point  of  a  static  wave. 

In  distribution  networks  arresters  should  be  scattered  all  over 
the  network.  There  is  no  general  rule  as  to  the  number  necessary, 
except  that  the  more  arresters  installed  the  better  the  protection. 

In  low -voltage  networks  that  are  tied  together  in  many  places, 


241 

if  one  branch  extends  some  distance  from  the  network,  weak  spots 
near  the  end  of  the  branch  are  punctured  by  discharges  during 
thunder  storms.  Experiments  with  static  machines  and  small  net- 
works of  conductors  showed  the  same  phenomenon  many  years 
ago.  A  static  wave  travch'ng  down  the  conductor  is  reflected  back 
at  the  end  of  the  conductor,  llic  resultant  of  the  advancing  and 
reflected  waves  gives  at  the  end  of  the  line  a  potential  strain  that 
is  double  that  of  the  advancing  wave. 

The  remedy  is  to  put  choke  coils  in  the  branch  at  the  point 
where  it  is  connected  to  the  network.  The  wave  in  the  network 
will  then  be  divided  at  the  coiJ,  part  being  reflected  at  this  point 
and  only  a  small  part  advancing  along  the  branch. 

OvKRitEAD  Guorxi)  \\'iRES— In  many  long-distance  trans- 
mission systems  the  lines  are  protected  by  ground  wires  strung 
above  the  lines.  These  ground  wires  arc  connected  to  eartii  every 
thousand  feet.  The  theory  is;  If  lightning  strikes  the  line  the 
ground  wire  would  be  struck  directly  instead  of  the  line  wires  that 
are  insulated  from  ground.  As  the  earth's  potential  is  above  and 
also  bel<.)\v  the  line  wires  these  can  not  be  charged  with  static  to  a 
high  potential.  The  inductive  action  of  lightning  on  the  line  is 
much  reduced,  as  the  ground  wire  is  much  nearer  the  line  than 
the  earth  is. 

There  is  one  case  in  which  ground  wires  arc  of  no  service. 
If  the  earth  and  a  cloud  are  charged,  the  line  is  charged  to  the 
same  potential  as  the  earth.  If  a  disruptive  discharge  occurs,  the 
line,  being  insulated  from  earth,  is  discharged  much  more  slowly, 
and  there  may  be  a  great  difference  of  potential  between  tlie  line 
and  earth.  Arresters  wouhl  be  required  to  protect  the  line  from 
such  strains.  A  ground  wire  is  also  no  protection  from  .^trains 
caused  by  high-frec|uency  waves  that  are  set  up  in  a  circuit  by 
sudden  changes  of  load  or  by  resonance. 

The  result  of  years  of  test  has  been  favorable  to  ground  wires 
in  many  cases.  It  is  particularly  noticeable  that  on  lines  provided 
with  ground  wires  poles  are  not  split  by  lightning. 

Theoretically,  barbed  wire  should  be  used  for  an  overhead 
ground  wire,  as  the  [Knints  of  the  barbs  draw  off  the  charge  from 
the  surrounding  air.  The  action  is  the  same  as  that  of  the  comb 
in  a  static  machine,  In  practice,  however,  there  does  not  seem  to 
be  any  gain  in  the  use  of  barbed  wire.  It  is  very  difficult  to  string 
on  poles,  the  points  are  far  from  being  theoretical  poinds,  and  the 
i6 
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wire  is  of  a  poor  grade.  These  disadvantages  more  than  offset 
the  theoretical  advantages.  A  good  construction  would  be  No.  8 
B.  &  S.  gauge  E.B.B.  wire,  strung  on  glass  insulators,  and 
grounded  every  thousand  feet.  The  two  outside  pins  on  the  top 
cross-arm  are  sometimes  used  for  ground  wires,  but  as  the  con- 
struction is  expensive  and  there  is  some  difficulty  in  connecting 
the  wires  to  ground,  a  single  ground  wire,  either  above  or  below 
the  circuit,  is  more  frequently  employed.  Glass  insulators  are 
used,  so  as  not  to  subject  the  pole  to  any  unnecessary  electric  strain 
from  the  line. 

Conclusion  — There  is  still  much  to  be  done  before  we  can 
claim  to  have  our  lines  perfectly  protected.  The  engineers  of  the 
manufacturing  companies  have  developed  apparatus  that  operates 
successfully  under  ordinary  conditions,  but  each  transmission  line 
is  a  separate  problem,  and  can  only  be  solved  empirically.  Com- 
plete records  of  static  troubles  and,  so  far  as  can  be  determined, 
their  causes  should  be  kept  by  the  different  power  companies,  to 
show  how  their  apparatus  is  affected  by  the  local  conditions. 

DISCUSSION 

Mr,  Dow  :  This  report  on  present  methods  of  protection 
from  lightning  and  other  static  disturbances  was  prepared  by 
Mr.  Robert  S.  Stewart,  consulting  engineer  of  the  Peninsular 
Electric  Light  Company,  of  Detroit,  and  myself;  and  white  his 
name  is  second  on  the  title  page,  it  should  really  be  first. 

In  making  this  report  there  has  been  no  attempt  to  go  into 
detail  theory  or  to  recite  the  history  of  protective  devices.  It  is, 
to  the  best  of  our  belief,  a  statement  of  what  may  be  considered 
the  standard  practice  of  to-day.  We  were  unable  to  obtain,  in 
sufficient  time  to  put  into  print,  the  data  regarding  European 
practice  that  we  should  like  to  have  incorporated,  particularly  with 
reference  to  the  use  of  the  water-jet  arrester,  referred  to  on 
page  242,  w^hich  we  find  is  common  in  the  Swiss,  Italian  and 
southern  French  transmission  systems.  The  water-jet  arrester 
is  obv^iously  a  leak  of  high  resistance  and  of  no  inductance,  and  it 
consumes  energy*  continuously.  It  appeared  to  us — although  we 
did  not  include  the  statement  in  our  printed  report — that  a  water 
jet  might  be  used  to  good  purpose  on  many  high-tension  trans- 
mission lines  as  a  special  protection  during  thunder  storms,  in 
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much  ihe  same  way  as  in  certain  railway  plants  the  tatik  arrester 
is  switched  on  during  thunder  storms.  The  effect  is  excellent  and 
in  conjunction  with  choke  cuils  it  seems  to  be  tJie  most  thoroughly 
reliable  method  of  protection.  You  will  observe,  of  course,  that 
its  use  involves  a  loss  of  energ>'  of  from  three  to  ten  kilowatts, 
depending  on  the  voltage. 

In  the  matter  of  the  use  of  an  overhead  groimd  wire,  strung 
on  the  transmission  line,  we  will  say  that  certain  information 
reached  us  after  this  report  was  prepared ;  and  while  it  does  not 
add  to  the  general  statements  here  set  forth,  it  is  well  to  say  that 
our  recommendation  of  two  outside  pins  for  cross-arms — a 
tentative  recommendation — I  think  would  now  be  withdrawn  in 
favor  of  the  use  of  a  single  ground  wire.  We  believe  that  in 
practice  a  single  wire  will  do  the  work  as  well  as  two  wires.  On 
a  three-phase  transmission  line  the  best  place  for  the  wire,  if  the 
wires  are  arranged  symmetrically,  is  the  neutral  point  of  the 
triangle  diagram ;  that  is  the  point  that  would  correspond  to 
earth  potential.  Our  recommendation  would  be  to  string  one 
line  wire  on  top  of  the  pole,  the  otlier  two  wires  in  the  equilateral 
triangular  relation,  and  the  groimd  wire  in  the  centre  of  the 
triangle.  We  believe  that  a  galvanized  soft-iron  ground  wire. 
which  when  strimg  is  carefully  regulated  to  allow  for  the  differ- 
ence in  contraction  and  expansion  between  iron  and  copper  wire, 
will  in  many  cases  be  invaluable;  and  will  in  all  cases  justify  its 
erection  where  the  line  is  of  considerable  length  and  the  voltage 
high. 

Regarding  the  horn  arrester,  we  have  not  been  able  to  get 
definite  data.  The  theory  given  on  page  238  is  official :  but  we  find 
that  the  use  of  the  iron  check  pieces  is  dispensed  with  in  many 
European  plants,  and  we  find  there  is  no  standard  practice  at  all. 
The  arrester  seems  to  be  rather  a  survival  than  a  recent  adaptation 
of  the  best  means  to  the  end  in  view. 

We  would  recommend  that  the  association  again  appoint  a 
reporter — a  committee  is  a  somewhat  unmanageable  thing — who 
shall  next  year,  and  thereafter  for  a  year  or  two,  report  on  this 
subject,  preparing  a  condensed  report  and  annexing  to  it  as  an 
appendix  information  received  regarding  European  practice,  and 
such  other  information  as  may  reach  the  reporter  from  time  to 
time. 

We  would  also  advise  that  association  members  communicate 
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by  letter  to  the  official  reporter  any  special  experiences  they  may 
undergo  in  respect  to  lightning  arresters  and  static  disturbances. 
As  is  staled  in  the  last  paragraph  of  our  report,  there  is  still  much 
lo  be  done  before  we  can  claim  to  have  our  lines  perfectly  pro- 
tected. Each  transmission  line  is  a  separate  problem.  Even  if 
two  transmission  lines  be  identical  in  their  physical  dimensions, 
yet  they  may  be  located  in  different  altitudes  or  in  different 
climates ;  and  lines  are  seldom  identical  in  dimensions.  They  in 
many  recent  instances  include  sections  of  cable,  and  when  the 
conditions  are  thus  complicated  the  problem  is  one  that  can  only 
be  solved  by  experiment.  It  is  possible  to  put  a  great  deal  of 
money  into  protective  devices  and  in  that  way  to  waste  capital 
that  could  better  be  otherwise  employed. 

To  sum  it  up — the  only  recommendation  we  can  make  just 
now  is  to  see  that  the  line  is  well  protected  according  to  the  best 
present  practice,  and  in  this  report  the  best  present  practice  is 
described.  If  the  apparatus  to  be  protected  is  very  valuable,  or 
if  continuity  of  service  is  of  great  importance,  the  expense  will 
at  least  be  justified  ;  the  hope  being  that  less  expense  will  be 
possible  when  our  knowledge  is  more  complete. 

Mr.  C.  R.  Maunsell  (Topeka,  Kan.)  ;  I  ask  if  any  cases 
have  come  to  the  knowledge  of  the  committee  of  the  puncturing 
of  the  lead  lining  of  storage  batteries  by  lightning  on  railway 
systems. 

Mr.  Dow  :  Not  to  my  knowledge ;  but  flashing  across  the 
battery  terminals  to  ground  has  happened  to  my  knowledge,  and 
flashing  across  the  damp  outer  surface  of  the  tanks.  That  this 
will  occur  is  quite  likely  indeed.  The  conditions  in  railway 
battery- rooms  are  often  those  that  approximate  the  conditions 
of  the  tank  arrester  or  water  jet  recommended  as  a  protector. 
Lightning  discharges  will  break  across  the  wet  surface  to  get 
away. 

Mr.  R.  F.  Hayward  (Salt  Lake  City,  LTtah) :  Most  of  the 
members  probably  know  that  in  Utah  we  have  a  number  of  miles 
of  transmission  lines  running  at  28,000  and  40,000  volts.  There 
are,  altogether,  about  300  miles  of  40.000  and  200  miles  of  28,000- 
volt  circuits  running  in  parallel,  and  there  are  no  thunder  storms 
occurring  within  a  range  of  140  miles,  north  and  south,  that  seem 
to  miss  these  lines.  I  do  not  think  that  during  last  summer 
any  one  storm  passed  over  our  lines  without  striking  something, 
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either  directly  or  inductively.  We  put  in  all  the  lightning  appa- 
ratus we  can,  not  so  much  to  protect  our  machinery  and  lines 
as  to  protect  our  consciences.  We  do  not  beHcve  that  it  pro- 
tects our  apparatus,  but  we  do  like  to  say  to  tlte  board  of  directors 
that  we  have  taken  every  precaution  that  is  known.  We  have 
about  come  to  the  conclusion — and  this  conclusion  is  based  oa 
our  own  experiences  and  upon  the  advice  of  the  best  authorities 
in  the  East,  such  as  Mr,  Steinmetz  and  Mr.  Percy  Thomas — that 
we  must  spread  our  lightning  protection  all  over  the  line  in  the 
form  of  lightning  conductors.  Lightning  tends  to  follow  a  line 
that  is  as  non-inductive  as  possible,  and  a  heavy  discharge  involv- 
ing a  large  amount  of  current  will  not  follow  a  single  path  very 
far,  because  the  large  amount  of  current  in  itself  entails  self- 
induction.  We  find  that  when  a  storm  passes  over  us  it  will 
generally  strike  the  lines  and  splinter  a  number  of  poles,  shatter- 
ing all  the  insulators  on  one  pole  and  puncturing  a  number  of 
insulators  on  other  poles.  The  effect  is  seldom  found  far  from 
the  point  where  the  lightning  strikes.  If  the  stroke  is  near  the 
power-house,  transformers  arc  liable  to  be  damaged  by  short- 
circuit,  or  terminals  will  be  punctured  and  burned  out.  We  have 
lost  a  number  of  transformers  of  the  air-blast  type  which  were 
wound  in  1896  and  1897;  but  we  have  not  lost  any  of  the  new 
windings  with  which  we  replaced  the  old  type,  although  in  a 
recent  storm  we  had  several  terminals  burned  off.  An  arc  will 
frequently  jump  from  terminal  to  case  over  distances  of  five  or 
six  inches,  both  on  oil-cooled  and  on  air-blast  transformers.  This 
may  shut  down  the  plant  for  a  moment,  but  does  not  do  any 
other  damage.  Our  recent  experience  encourages  us  to  believe 
that  modern  insulation,  whether  on  the  air-blast  or  the  oil-cooled 
type  of  transformer,  is  sufficiently  high. 

We  believe  that  a  ground  wire  on  the  line  is,  after  ali.  the 
only  practical  protection  against  lightning.  Mr.  Honnold,  our 
operating  engineer,  has  devised  a  scheme  that  seems  to  be  suc- 
cessful. When  a  thunder  storm  comes  along,  if  we  have  not  a 
ground  wire  on  the  line  we  ground  one  of  the  two  circuits  at 
each  end  of  the  line.  In  this  way  we  have  had  several  storms 
pass  over  without  doing  damage.  This  plan  will  not  altogether 
prevent  the  lightning  from  striking  the  pole  line,  however,  and 
if  it  strikes  it  is  impossible  to  tell  what  may  happen. 

There  is  one  point  mentioned  by  Mr.  Dow  to  which  T  take 
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some  exception.  I  do  not  believe  that  the  place  for  the  ground 
wire  is  between  the  other  wires.  I  would  place  it  above ;  first 
of  all,  because  I  have  a  notion  that  during  a  thunder  storm,  just 
prior  to  the  discharge  that  causes  the  trouble,  there  may  be  a 
certain  amount  of  brush  discharge  to  the  line  from  the  clouds, 
forming  a  preliminary  breakdown  path.  I  would  place  the 
ground  wire  as  far  above  the  line  as  possible.  My  reason  for 
i^his  is  that  when  the  stroke  comes  it  may  discharge  to  this  wire 
and  take  the  ground  by  a  number  of  different  paths  without 
causing  a  short-circuit,  whereas  if  the  ground  is  in  the  neutral 
jxiint  of  the  main  circuit  a  lightning  discharge  is  almost  certain 
to  cause  an  arc,  which  will  make  a  short-circuit.  These  sudden 
short-circuits  are  liable  to  set  up  low-frequency  waves  whicli 
travel  to  the  power-house,  pass  through  the  choke  coils,  and 
are  liable  to  break  down  the  apparatus,  whereas  high-frequency 
waves  would  be  checked  by  the  choke  coil. 

Mr.  E.  p.  Dillon  (Colorado  Springs,  Colo.) :  Those  of  us 
who  are  operating  in  Colorado  have  our  troubles,  especially  in 
the  zone  in  front  of  the  foot-hills ;  we  feel  that  lightning  is  prob- 
ably more  severe  in  this  particular  section  than  in  any  other  part 
of  the  state,  and  we  venture  to  say  more  severe  than  we  have 
heard  of  in  any  other  section  of  the  country.  It  has  required  a 
good  deal  of  attention,  and  study  of  the  peculiar  conditions  of 
each  system.  In  Colorado  Springs  wc  feel  that  we  have  a  fair 
amount  of  protection  now,  although  it  is  not  absolute.  We  have 
distributed  lightning  arresters  liberally  at  various  plants  and 
substations,  but  we  have  nothing  on  the  line.  We  do  not  feel 
that  the  placing  of  lightning  arresters  on  the  line  is  warranted, 
the  risk  of  having  them  on  the  line  more  than  offsetting  their 
advantage.  We  have  no  ground  wire,  but  I  think  perhaps  a  well- 
constructed  ground  wire  would  probably  obviate  some  of  the 
difficulties  we  have  had.  Our  triangle  is  not  very  large;  i6-inch 
centres,  with  double  circuits  on  the  pole  line.  At  three  different 
times  in  the  last  two  years  we  have  had  lines  burn  down  directly 
in  the  middle  of  the  span.  It  seems  that  the  arc  starts  hi  some 
way  between  the  wires,  resulting  from  some  kind  of  short-circuit, 
and  runs  along  the  line  until  it  finds  a  weak  point  and  burns 
the  copper.  Our  copper  is  No.  i,  with  large  engines  behind  it, 
with  heavy  flywheel  capacity,  tending  to  hold  the  arc  long  encnigh 
to  burn  the  lines  down.    This  has  never  occurred  on  junction  poles, 
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where  you  would  think  the  lightning  would  jump  around,  but 
invariably  happens  on  the  straight  line. 

Many  of  us  feel,  I  believe,  that  our  static  disturbances  are 
most  likely  to  come  in  the  summer  time — during  the  summer 
season.  Last  winter,  in  December,  due  probably  to  a  heavy  wind 
that  was  blowing  at  the  time,  we  had  some  exceedingly  severe 
discharges  fronj  the  lightning  arresters ;  they  appeared  to  be 
heavy  enough  to  destroy  some  apparatus  had  the  lightning 
arresters  l;)een  in  service.  Another  peculiar  thing  here  is  that 
with  lines  in  extremely  high  altitudes — above  11,000  feet — the 
disturbances  are  much  less  severe;  they  are  practically  unknown 
on  extremely  high  lines,  while  the  valley  lines  suffer  severely. 
I  think  this  is  due  to  the  fact  that  the  clouds  come  down  so 
low  that  there  is  not  a  chance  for  much  difference  of  i>otential 
between  the  clouds  and  the  earth.  I  have  been  on  high  ridges 
during  storms,  and  you  can  feel  a  tingle  all  through  your  body, 
like  a  slight  electric  shock.  It  seems  to  me  that  at  these  points 
there  is  a  constant  discharge  between  the  clouds  and  the  earth 
and  no  opportunity  offered  for  a  great  difference  of  potential 
to  be  formed  and  then  discharged  in  the  form  of  a  heavy  bolt. 
But  this  will  not  hold  true  in  all  cases,  because  in  the  mountains 
immediately  around  here,  while  the  altitudes  are  not  very  great, 
the  disturbances  are  very  severe  and  heavy,  especially  on  the 
mountain  railway  lines. 

I  would  call  your  attention  to  the  arrangement  of  arresters 
in  the  Pike's  Peak  Hydro-Electric  plant,  which  you  will  probably 
visit,  but  with  which  plant  I  am  not  connected.  There  they  have 
installed  a  combination  of  spark  gap  and  high-resistance  arresters 
and  the  water  tank.  These  have  been  in  use  only  a  short  time, 
but  have  carried  them  through  three  or  four  severe  storms  and 
no  unpleasant  results  have  followed.  They  take  care  of  the  dis- 
charges very  nicely,  and  they  were  seen  to  work  a  number  of 
times,  I  think  that  is  a  very  good  combination,  although  some- 
what bulky. 

In  Colorado,  we  are  not  very  partial  to  the  use  of  a  barbed- 
wire  ground.  A  well-constructed  ground  wire  no  doubt  has  its 
advantages,  and  is  certainly  good  in  theory,  but  the  barbed 
ground  wire,  due  to  the  uneven  qualit>'  of  the  wire  in  twisting, 
has  been  known  in  many  cases  in  the  West  to  break  and  cause 
more  serious  line  trouble  tlian  any  lightning  disturbances.     A 
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great  many  of  the  operators  in  this  country  prefer  to  take 
chances  on  what  has  been  designed  in  the  way  of  lightning  pro- 
tection rather  than  to  pnt  in  the  barbed  ground  wire.  I  think  a 
well-made  steel  wire  of  good  tensile  strength  would,  no  doubt. 
give  very  good  protection  and  help  out  the  regular  arrester.  In 
our  main  generating  station,  jnst  out  of  Colorado  Springs,  which 
we  installed,  there  was  considerable  experimenting  with  light- 
ning arresters,  and  we  finally  went  over  to  the  high-resistance 
arrester  in  combination  with  the  spark  gap.  They  did  not  com- 
pletely take  care  of  the  trouble  and  about  two  years  ago  we  put 
them  up  in  a  combination,  or  series  parallel,  arrangement,  giving 
the  discharge  a  straight  path  to  ground,  and  split  through  the 
arrester.  I  am  glad  to  say  that  up  to  date,  ever  since  that  change 
was  made,  we  have  not  had  any  discharges  on  our  switchboard. 
It  appears  to  be  a  very  successful  arrangement. 

Mr.  George  R.  Stetson  (New  Bedford,  Mass.)  :  White  in 
the  far  East  we  hardly  expect  to  carry  the  matter  of  lightning 
protection  to  the  extent  they  do  in  the  West,  we  have  our  troubles. 
which  are  perhaps  as  serious  and  as  difficult  to  account  for.  In 
the  station  I  had  the  care  of  last  December,  after  having  run 
direct  current  for  a  good  many  years  and  an  underground  sys- 
tem of  transmission  for  four  or  five  years,  an  epidemic  broke 
out  among  our  motors  which  raged  for  several  weeks  and  in  two 
weeks  destrojed  more  motors  than  had  been  destroyed  in  all 
the  fourteen  previous  years  of  operation  of  our  plant.  This 
was  an  unexpected  epidemic  with  us,  and  we  went  to  work  and 
t^:eatcd  it  as  fast  as  possible  but  have  not  got  over  it  yet.  It  was 
a  static  manifestation.  Previously  to  this  we  had  never  found 
it  necessary  to  make  any  particular  provision  for  the  care  of 
our  motors,  but  at  this  time  the  motors  within  a  radius  of  three 
to  five  miles  were  punctured,  one  after  the  other,  some  being 
served  by  the  imderground  and  some  by  the  overhead  system. 
The  puncture  was  very  much  in  the  nature  of  a  lightning  punc- 
ture— generally  on  the  armature.  At  first  we  were  able  to  repair 
the  annatures  within  a  reasonable  time  and  without  much  incon- 
venience to  our  customers ;  but  it  finally  went  beyond  tlie  motors 
outside  and  came  into  the  generators  inside,  and  that  was  more 
serious.  The  singidar  feature  of  the  matter  was  the  manifes- 
tation at  this  particular  time.  We  immediately  went  to  work 
to  take  care  of  the  motors,  as  far  as  possible,  by  putting  up 
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lightning  arresters  and  kicking  coils,  and  seemed  to  have  con- 
quered the  trouble  to  quite  an  extent;  but  we  occasionally  have 
a  manifestation  now,  particularly  if  we  have  not  taken  proper 
care  of  the  motors. 

I  relate  this  experience  so  that  if  any  of  our  members  feel 
that  they  are  pretty  safe  about  static  discharges  they  had  better 
not  be  too  sure.  These  discharges  lake  place  under  peculiar  con- 
ditions ;  usually  such  conditions  of  atmosphere  as  contribute  to 
a  high  electric  potential,  a  condition  of  atmosphere,  clear,  such 
as  would  make  electric  transmission  easy.  We  set  up  a  Bristol 
gauge,  putting  in  the  proper  resistances,  and  the  manifestations 
on  that  gauge  were  very  interesting.  The  gauge  sonietiines 
failed  to  be  large  enough  to  take  the  limit  of  the  stroke,  but 
it  kept  things  up  very  lively  and  painted  the  index  pretty  nearly 
all  over,  and  you  could  see  the  flash  coming  from  the  work  of 
that  needle.  So  you  must  be  prepared  not  only  for  lightning, 
but  for  static  disturbances.  In  this  case  it  seemed  very  singular 
to  us  that  after  so  many  years  of  repose  we  should  be  kicked 
about  so  vigorously  by  static  troubles  during  this  one  season. 

Mr.  HoNNOLDr  I  would  emphasize  the  importance  of  the 
appointment  of  this  committee  and  the  necessity  for  it  to  begin 
its  work  at  this  session.  In  this  way  we  can  get  data  from  the 
operator  in  the  field  and  the  engineer  in  the  factory.  The  com- 
mittee should  gather  the  investigations  of  the  operators  in  the 
field  in  conjunction  with  the  statistics  of  the  engineers  in  factories, 
and  I  think  that  in  two  or  three  years  we  can  overcome  these 
troubles.  In  Utah  we  are  going  after  this  subject  vigorously 
this  year  and  are  getting  some  interesting  data  that  are  up  to 
date.  We  have  had  lightning  almost  continuously  since  the  first 
of  March  of  this  year.  We  are  experimenting  with  the  present 
types  of  arrester  and  in  conjunction  with  these  arresters  we  are 
experimenting  with  the  grounded  circuit.  We  are  experimenting 
with  the  total  number  of  gaps  in  series  in  conjunction  with  the 
resistances  that  the  companies  furnish :  the  Westinghouse  resist- 
ances and  the  General  Electric  resistances.  We  have  had  Gen- 
eral Electric  resistances  go  all  to  pieces  and  the  Westinghouse 
resistances  have  been  burned  up.  In  both  cases  the  arrester  is 
made  temporarily  inoperative.  That  must  be  gotten  around 
in  some  way,  and,  although  we  have  not  put  it  in  operation  yet, 
I  think  the  Pike's  Peak  scheme  of  the  tank  or  water-jet  resist- 
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ance  in  series  with  the  gaps  will  do  the  business.  I  believe  we 
shall  have  some  interesting  data  on  that  point  later. 

We  are  experimenting  on  the  gap  proposition  by  short- 
circuiting  some  of  the  gaps  with  fuses  across  from  five  to  fifteen 
gaps,  and  we  crowd  the  limit  up  to  the  sparking  limit  over  the 
gaps.  Of  course,  in  conjunction  with  these  experiments,  we  keep 
the  test  papers,  making  exact  records  from  these  test  papers ;  the 
kind  of  discharge  being  indicated,  the  size  of  puncture,  and 
diflferent  points  being  covered,  we  expect  to  get  some  interesting 
data  from  these  test  papers.  We  find  with  these  test  papers — 
we  keep  them  at  each  end  of  the  spark  gap ;  that  is,  at  the  top  and 
bottom — that  wc  sometimes  have  a  heavy  discharge  on  the 
bottom  paper  and  none  at  the  top,  which  is  a  very  peculiar  thing. 
Such  things  are  hard  to  explain — how  a  puncture  could  occur  and 
show  on  the  bottom  paper  and  not  on  the  top  paper.  We  shall 
probably  dig  these  things  out  and  know  something  about  them 
at  the  end  of  this  year. 

Mr.  H.artman  :  If  T  understood  Mr.  Dovv's  suggestion  as  to 
the  location  of  the  ground  wire,  it  was  that  on  a  two-phase,  four- 
wire  system  the  wire  should  be  located  at  the  centre  of  the  square 
formed  by  the  four  lines,  and  that  in  the  three-phase  system  it 
should  be  located  in  the  centre  of  the  triangle.  I  think  there 
would  be  a  practical  objection  to  that  in  the  fact  that  in  a  high- 
tension  transmission  it  would  virtually  reduce  the  distance 
between  the  wires,  and  in  an  ordinarily  low-tension  transmission 
it  would  subject  the  lineman  to  very  serious  danger  in  making 
connections  to  the  lines. 

Mr.  Jackson  :  Regarding  the  static  conditions  on  trans- 
mission lines,  some  three  or  four  years  ago  I  made  a  somewhat 
complete  examination  of  the  line  in  northern  Italy,  and  at  that 
time  they  had  the  jet  static  arresters  in  use.  They  Avere  very  much 
troubled  by  attacks  of  static  disturbances  on  their  20,000-volt 
generators,  and  they  were  frequently  shut  down,  as  I  was 
informed,  on  account,  not  of  the  lightning  particularly,  but  on 
account  of  the  static  going  through  the  insulation  of  the  20,000- 
volt  machines.  They  then  installed  jet  static  arresters,  and  I 
think  the  arresters  had  been  in  about  six  months.  I  was  informed 
at  the  time  that  since  the  installation  of  the  jet  arresters — the 
water-jet  arresters — they  had  had  no  trouble  from  static  effects. 
It  would  he  very  interesting  if  there  is  any  one  in  the  audience 
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who  could  bring  that  information  more  nearly  to  date;  to  know 
if  the  action  of  the  jet  arresters  was  thoroughly  satisfactory  up 
to  the  time  they  were  last  heard  from. 

Mr.  Dow  :  Taking  the  questions  raised  in  the  discussion  in 
the  reverse  sequence,  so  far  as  possible.  1  will  endeavor  to  give 
further  information  regarding  the  subject.  In  the  matter  of  the 
action  of  the  water  jets  on  the  V'altellina  line,  through  the  cour- 
tesy of  some  correspondents  of  ours,  who  ask  that  they  be  not 
quoted — I  think  the  request  has  its  base  in  their  modesty  qnly — 
we  have  been  furnislied  with  recent  information  regarding  this 
line.  The  water  jets  are  stilt  satisfactory.  Your  reporters  believe 
that  the  water  jets — I  think  I  so  stated  in  my  brief  of  this  report 
— form  the  most  comprehensively  reliable  arrangement  that  we 
have  just  now  for  protection  against  either  lightning  or  static 
discharges  when  installed  in  connection  with  choke  coils.  The 
function  of  the  choke  coil  is  to  locate  the  point  of  discharge  for 
any  excessive  voltage.  The  objections  to  the  jets  are,  first  of  all, 
the  things  are  sloppy ;  next,  that  they  take  energy.  Because  of 
this  taking  of  energy  we  made,  verbally,  the  reconuncndation  that 
they  be  held  as  emergency  devices  where  possible,  and  ufwn  the 
apf)earance  of  static  discharge  on  the  line  the  water  jets  be  turned 
on.  At  20.000  volts  the  amount  of  current  that  one  of  these  jets 
will  take  is  enough  to  do  quite  a  little  work  toward  earning 
dividemls  for  the  company.  There  would  be  quite  a  loss  through 
their  constant  use,  and  we  do  not  recommend  that  they  be  left  on 
the  service  continuously. 

With  reference  to  Mr.  Hartman's  remark,  and  in  reply  to 
Mr.  Hayward's  comment  in  regard  to  the  position  of  the  ground 
wire.  The  centre  of  the  square  on  the  two-phase  transmission 
should  be  at  earth  potential.  In  a  two-phase  transmission  the 
geometrical  centre  of  the  square  is  the  theoretically  correct  posi- 
tion of  the  ground  wire,  as,  likewise,  is  the  centre  of  the  triangle 
on  a  three-phase  transmission ;  for  the  reason  that  these  positions 
are  theoretically  at  earth  potential  if  the  line  is  insulated,  and  are 
absolutely  so  if,  as  is  usually  the  case  with  Y-connected  step-up 
transformers,  the  central  point  of  the  Y  is  positively  connected 
to  the  earth.  If  the  distance  between  the  two-phase  conductors, 
or  the  delta  distance  between  the  wires  of  the  three-phase  circuit, 
is  correct  for  the  voltage  between  the  wires,  then  the  distance  to 
the  ground  wire  will  of  necessity  be  correct.  That  admits  of 
mathematical  demonstration. 
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As  regards  the  danger  on  low-voltage  transmission  systems — 
on  lines  where  a  lineman  can  with  the  current  on  make  connec- 
tions, the  ground  wire  is  hardly  necessary.  On  the  lines  princi- 
pally under  consideration,  where  such  devices  are  recjusred,  it  is 
criminal  to  send  a  man  to  do  work  when  the  lines  are  alive.  The 
matter  put  I'orward  by  Mr.  Hayward  and  Mr.  Dillon — also  the 
matter  ot  arcing  between  lines,  the  wires  being  spaced  thus  and 
so — the  placing  of  another  wire  in  there  making  it  difficult  to 
work  on  the  pole,  et  ccctcra,  the  point  is  well  taken  ;  but  \vc  have 
not  stated  any  distances,  and  the  distance  from  the  ground  wire 
should  be  regelated  by  the  same  rules  as  the  distance  between  the 
other  wires.  If  the  distance  between  the  other  wires  of  the 
delta  three-phase  transmission  is  now  ample  electrically,  the 
distance  to  the  ground  wire  in  the  centre  of  the  triangle  will  also 
be  ample.  Mechanically,  it  may  be  desirable  to  separate  the  wires 
further ;  in  fact,  with  uur  tendency  toward  long  spans  it  is  neces- 
sary to  spread  the  wires  more  and  more  beyond  what  constitutes 
our  present  practice.  The  Niagara  Falls  system  started  in  with 
some  fourteen  inclies  between  the  wires  and  they  more  than 
doubled  it  afterward,  and  the  tendency  is  to  still  wider  spacing. 

Answering  Mr.  Hayward's  remark  as  to  placing  the  ground 
wire  above  the  transmission  lines  instead  of  among  the  wires — 
that  p^^int  is  referred  to  on  page  241  of  the  report.  The  theory  is 
that  as  the  earth's  potential  is  above  and  also  below  the  line  wires 
these  can  not  be  charged  with  static  to  a  high  potential.  The  fact 
is  exactly  what  Mr.  Hayward  points  out.  The  preliminary  brush 
discharge,  or  discharge  of  the  atmosphere,  is  taken  by  the  ground 
wire.  To  all  intents  and  purposes,  a  variation  of  the  vertical 
position  of  the  ground  wire  within  two  or  three  feet  is  immaterial. 
But  if  the  ground  wire  is  nearer  to  one  of  the  transmission  wires 
than  to  any  of  the  others,  when  a  stroke  takes  place  and  the 
ground  wire  discharges  instantly,  as  it  were,  the  wire  nearest  to 
the  ground  wire  on  the  transmission  will  be  very  highly  stressed 
relatively  to  the  ground  wire.  There  will  be  stress  between  the 
wires  of  the  transmission  and  there  will  also  be  great  stress 
between  the  closest  wire  and  the  ground  wire.  Under  these 
conditions,  which  are  pointed  out  in  paragraph  four  of  page  241. 
the  position  of  the  groimd  wire  is  better  in  the  middle  than  above. 
We  can  not  consider  the  gradient  of  potential  between  the  clouds 
and  the  earth  as  a  straight  line.    I  may  say  it  is  not  entirely  theory 
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that  causes  us  to  recommend  this  position  of  the  ground  wire ;  it 
has  proved  to  be  good  in  practice  on  a  certain  Michigan  line. 
The  fact,  which  Mr.  Hayward  has  noticed,  of  the  jumping  across 
the  transformer  terminals  is  common.  It  indicates  tliat  he  should 
have  static  discharges  across  the  lines  and  indicates  a  difierence 
of  potential  between  the  two  or  three  wires  of  the  system,  which 
a  non-inductive  resistance,  such  as  the  water  jet,  will  take  care  of. 
A  jump  represents  merely  an  equalization  of  the  temporary 
stresses  between  two  wires  of  the  three.  The  obvious  remedy  is 
the  providing  of  a  good  non-inductive  path  between  the  two  wires. 

Mr.  Stetson's  experience  with  punctures  causes  me  to  suspect 
that  he  had  a  reaction  from  his  machines.  1  fancy  that  when  the 
short-circuits  occurred  the  machine  went  over,  or  there  was  a 
short-circuit  of  some  device  on  the  line ;  and  a  quick  breaking  of 
a  short-circuit  puts  the  worst  stresses  on  the  line.  Mr.  Stewart 
calculated,  at  my  request,  the  effect  of  a  short-circuit  on  a  certain 
transmission  line  we  are  now  building  in  Michigan.  The  voltage 
between  the  wires  on  the  short-circuit  will,  by  calculation,  be  in 
that  case  over  80,000  volts.  We  are  therefore  txot  at  all  anxious 
to  start  short-circuits,  nor  to  break  them  too  rapidly. 

The  point  made  by  Mr.  Dillon,  that  the  blowing  of  wind 
across  the  line  on  the  upper  levels  may  charge  the  line  with  static, 
is  also  well  known.  It  is  mentioned  on  page  235  of  our  report. 
The  most  aggravated  case  of  that  is  a  sand  storm.  I  believe  our 
telegraph  friends  woukl  tell  us  that  on  the  Western  Union  lines, 
along  the  route  of  the  Santa  Fe  railroad,  across  New  Mexico  and 
up  through  Arizona,  a  sand  storm  puts  them  out  of  business  very 
quickly,  and  the  only  remedy  is  the  application  of  non-inductive 
ground  circuits  from  all  the  wires  to  the  ground.  The  conditions 
are  the  same  as  in  our  case,  although  they  do  not  have  the  same 
voltages  to  handle. 

The  point  is  made  that  barbed  ground  wire  is  not  g^ood. 
We  recommend  flatly  against  it  Jn  our  report.  I  want  to  say  that 
the  distinction  between  static  and  lightning  is  not  essential.  You 
refer  to  lightning  when  there  is  a  thunder  storm,  but  there  are 
differences  of  potential  on  hills  and  in  valleys — a  diflferent  poten- 
tial between  one  point  on  the  line  and  other  points  on  the  line — 
that  are  exactly  the  same  in  their  laws  and  yet  they  are  not  the 
terrific  discharges  that  we  recognize  and  call  lightning.  The  laws 
are  the  same  and  the  protection  is  the  same.    The  discharges  from 
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our  own  apparatus  and  from  our  own  lines  which  follow  the 
break  of  a  short-circuit  are  of  the  same  order,  except  that  they 
are  of  lower  frequency,  and  the  protection  again  is  the  same. 

I  can  not  make  it  too  strong  that  the  provision  of  low- 
resistance,  non-inductive  paths  to  ground  and  between  lines  is 
the  perfect  protection.  It  is  only  a  question  as  to  whether  or  not 
we  can  stand  the  losses  of  energy  that  those  low-resistance,  non- 
inductive  paths  require. 

The  President:  We  will  now  take  up  the  paper  on  The 
Nernst  Lamp — Its  Present  Performance  and  Commercial  Status, 
by  Mr.  E.  R.  Roberts,  of  Pittsburg. 


The  paper  was  presented  by  Mr.  Roberts,  as  follows: 

THE  NERNST  LAMP— ITS  PRESENT  PERFORM- 
ANCE AND  COMMERCIAL  STATUS 


The  days  when  the  Nernst  lamp  excited  interest  and  was 
regarded  more  as  a  scientific  novelty  than  as  an  article  of  real 
commercial  meril  are  long  since  past.  It  now  stands  before  you 
as  a  "live"  business  proposition.  Presuming,  therefore,  that 
everyone  interested  in  the  lighting  business  has  considered  it 
his  duty  to  make  a  personal  study  of  the  Nernst  lamp  and  has 
already  done  so,  we  will  not  at  present  devote  time  or  space  to 
:i  detailed  description  of  the  lamp  and  its  characteristics,  but 
will  pass  on  to  those  phases  of  the  subject  which  are  implied  in 
the  above  title. 

Efficiency 

The  Nernst  Lamp  Company  has,  at  this  writing,  just  com- 
pleted a  series  of  photometric  and  life  tests  on  its  standard 
product,  and  it  is  partly  the  purpose  of  this  paper  to  present  the 
;esults  obtained  as  the  most  complete  and  reliable  data  of  the 
kind  yet  given  out  by  the  manufacturers. 

The  candle-power  measurements  were  made  with  a  standard 
disc  photometer  riding  on  a  graduated  lo-fout  bar,  carrying  at 
one  end  a  loo-cp  standard  incandescent  lamp  and  at  the  other 
end  a  single  mirror  attachment  for  obtaining  mean  spherical 
intensities.  As  shown  in  Figure  i,  the  lamp  is  supported  by  an 
arm  A,  which  niay  be  rotated  in  a  vertical  plane  about  the  axis 
B,  so  that  the  glower  of  the  lamp  describes  a  circle  whose  centr^ 
is  the  centre  point  C  of  the  mirror.  The  motion  of  the  arm  A 
is  transmitted  through  gears  D,  E,  F,  to  the  mirror,  causing  it 
to  rotate  about  the  axis  C  -  C,  so  that  it  always  remains  in  the 
same  position  with  respect  to  the  light  source,  and.  since  the 
lamp  may  be  rotated  about  its  vertical  axis,  the  intensity  in  any 
direction  may  be  measured,  allowing  for  loss  by  mirror  absorp- 
tion. With  this  style  of  photometer  there  is  only  one  mirror 
to  correct  for ;  the  intensities  of  the  standard  and  the  illumi- 
nant  are  of  the  same  order  of  brightness,  and  there  is  no  marked 
difference  \n  the  respective  distances  of  the  standard  and  illumi- 
nant  from  the  photometer  screen. 
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In  the  conduct  of  this  test,  the  manufacturers  did  not,  of 
course,  wish  to  deceive  themselves,  and.  knowing  the  character- 
istics of  the  Nernst  lamp,  every  precaution  was  taken  by  them 
to  provide  proper  and  practical  conditions.  The  instruments 
used  were  regularly  calibrated  by  means  of  a  standard  potenti- 
ometer set  with  a  standard  cell,  which  is,  itself,  periodically 
checked  at  the  National  Bureau  of  Standards.  .-Ml  photometer 
readings  were  taken  by  an  experienced  operator,  who,  by  com- 
parative tests,  has  proved  to  be  accurate  and  reliable.  To  approxi- 
mate actual  conditions  in  the  life  test,  the  lamps  were  operated 
on  a  circuit  having  a  regulation  of  five  per  cent,  which  was 
supplied  through  an  automatic  switch  \\hich  operates  every  tliree 
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Fig.  I — Diagram  of  Photouktsr 

and  one-half  hours,  throwing  the  lamps  "off"  and  allowing  them 
to  remain  so  a  sufficient  length  of  time  for  the  lamps  to  reach  a 
"cold"  state  before  the  current  is  again  established. 

While  there  are  several  different  styles  and  combinations 
of  glassware  used  with  the  Nernst  lamp,  the  clear  and  diffusing 
globes  are  to  be  regarded  as  more  standard,  and  the  other  styles 
as  more  special,  in  their  shape  and  usage.  Sufficient  time  was  not 
available  in  which  to  make  a  general  investigation  of  all  the 
different  types  of  glassware,  and,  since  the  clear  globe  is  not 
generally  used,  it  was  thought  best  to  confine  our  efforts  to  a 
test  with  a  diffusing  globe  of  the  sand-blasted  type,  believing 
this  w-ould  be  of  most  practical  value. 
17 
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The  relative  effect  produced  on  the  light  distribution  of  the 
lamp  by  the  use  of  different  glassware  is  shown  in  Figure  6, 

To  obtain  an  average  and  eliminate  to  some  extent  the 
effect  of  inequalities  in  the  density  of  the  globes,  each  lamp  was 
given  three  separate  tests,  using  a  different  globe  each  time ; 
globes  of  average  density-  being  selected.  Of  the  tabulated  figures 
and  curves  given  below,  therefore,  each  represents  the  average 
values  for  three  different  globes.  In  addition  to  a  previous 
life  of  four  or  five  hours,  each  lamp  was  allowed  to  run  on 
normal  voltage  until  it  became  thoroughly  heated  and  the  wattage 
reached  a  constant  value  before  the  spherical  distribution  was 
taken.  The  time  required  to  reach  these  conditions  varies  from 
one-half  to  three-quarters  of  an  hour.  The  average  readings 
obtained  from  the  six,  four,  three  and  one-glower,  220-volt,  lamps 
in  the  different  zones  were  as  follows : 


TABLE 

No.   I 

z 

lone 

SiX'GIower 

"■our-Glower 

Thfee-Glower 

One-Glow 

90  degree 

below 

hor. 

472-7 

3143 

200.6 

64.5 

75      " 

" 

401. 1 

346  q 

173.3 

54.6 

60      " 

!• 

419.6 

2699 

164.9 

48.7 

45       " 

* ' 

3583. 

23«.8 

I5>  3 

43-9 

30      " 

<• 

296.7 

191.3 

128.3 

iS-o 

15      " 

" 

231.8 

147.8 

97-5 

27.0 

0      " 

!• 

ia6.3 

93-» 

67.3 

21.7 

15      " 

above 

76.3 

58.1 

45-9 

11.4 

30     " 

•  ■ 

50.1 

38.1 

23- 3 

5-9 

45      " 

ii 

35.2 

25.3 

15.6 

4-4 

60      " 

II 

239 

18.1 

2.9 

Besides  being  the  average  for  three  different  globes,  each  of 
the  zona!  candle-power  values  in  table  No.  i  is  the  mean  obtained 
from  seven  observations  taken  30  degrees  apart,  in  the  same  hori- 
zontal plane,  as  the  lamp  is  rotated  on  its  axis  (see  Figure  7). 
Theoretically,  the  horizontal  dtstmbution  about  the  lamp  at  any 
one  zone  should  be  regular  in  form,  and  it  might  seem  that  the 
method,  which  has  been  used  in  the  past,  of  obtaining  a  mean 
from  a  series  of  readings  taken  in  a  single  quadrant,  0°  — 90". 
(Figure  7)  would  be  accurate.  However,  the  sample  curve  from 
the  three-glower  lamp  shows  that  (due  probably  to  unsymmetri- 
cal  mounting  or  warping  of  the  glowers)  such  is  not  the  case, 
and  that  the  mean  of  quadrant  0°  —  90°  is  four  per  cent  less 
than  the  mean  of  quadrant  0°  —  270°.  For  the  same  reason 
il  is  even  less  accurate  to  use  the  mean  of  the  maximum  and 
minimum  values  only, 


In  the  above  it  is  also  clearly  shown  that  the  efficiency  of  the 
lamp  steadily  increases  with  the  number  of  glowers,  owing  to 


Fig.  5— Shades  and  Heatex  Cases 

the  negative  temperature  coefficient  of  the  glower  material  and 
the  fact  that  the  several  glowers  tend  to  heat  each  other;  this 


Fig.  6 — Mean  DiSTRJBUTtON  of  Light  about  G-Glower 
Lamp  with  Different  Glassware 


mutual  heating  effect  being,  of  course,  proportional  to  the  num- 
ber of  glowers. 


Fir.,  10 — Average  Mean  Distrihi'tiom  Curvks  of  Thrf.h  3-Gi.nwER 
Lamps  wrrif  6-I.sch  Sand-blasted  Globes 


density.     The  lamps  were   run  on  a  60-cycIe,  226-volt  circuit 
which,   as   previously   stated,   was   interrupted  every   three  and 
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one-half  hours.  Complete  spherical  distributions  of  candle- 
power  were  taken  at  o,  25,  100,  200,  et  catera,  hours  life,  the 
lamps  being  allowed  to  operate  on  normal  voltage  for  45  minutes' 
time  just  before  candle-power  measurements  were  made. 

During  the  test  the  lamps  were  operated  under  what  is  con- 
sidered good  maintenance  conditions.  Renewals  were  made 
when  necessary,  and  candle-power  readings  were  always  taken 
with  a  fully  "loaded"  holder;  the  globes  and  holders  being 
cleaned  every  200  hours. 

The  following  tabulated  and  plotted  average  results  show 
the  decrease  in  mean  hemispherical  candle-power  and  eflficiency, 
also  the  wattage,  during  test. 
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Fig.  ii^Averagk  Mean  Distribution  Curves  of  Three  i-Glower 
Lamps  with  4-Inch  Sand-klastep  Globes 


Tt  is  to  be  noted  that  the  decrease  in  mean  candle-power 
amounts  to  22  per  cent  in  1000  hours,  and  that  after  300  hours 
the  candle-power  remains  practically  constant;  indicating  that 
the  Nernst  lamp  soon  reaches  a  point  in  its  life  after  which  the 
further  decline  of  the  old  glowers  is  just  about  counterbalanced 
by  the  addition  of  new  glowers  as  bum-outs  occur;  and  for  this 
reason  it  is  to  be  classed  as  a  constant  efficiency  lamp  under  good] 
maintenance  conditions. 

The  decrease  in  wattage  shown  is  undoubtedly  due  to  th*l 
fact  that  the  resistance  of  the  glower  gradually  rises  during  its 
life.     Before  being  used,  the  surface  of  the  glower  presents  z 
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smcxjth,  white  chalk-like  appearance.  After  having  been  in  ser- 
vice 500  hours  or  more  its  surface  is  rough  and  crystalline  in 
appearance.  It  is  this  change  in  the  structure  of  the  glower, 
from  an  amorphous  to  a  crystalline  state,  that  is  supj>osed  to 
cause  the  rise  in  its  resistance.  This  increase  amounts,  on  an 
average,  to  five  per  cent  in  500  hours. 

During  the  above  test,  12  of  the  20  glowers  started  had  to 
be  renewed.  No  heater  bum-outs  occurred.  Assuming  an 
average  life  of  rooo  hours  for  the  glowers  remaining  in  the 
lamps  at  the  end  of  the  test,  an  estimated  average  glower  life 
of  800  hours  is  obtained,  notwithstanding  the  frequent  Izandling 
that  the  lamps  were  subjected  to  during  the  candle-power  test. 
Aside  from  these  rather  meager  life  data,  however,  a  separate 
maintenance  test  has  recently  been  made  on  the  four-glower 
lamp.  Si.x  lamps  were  run  for  a  period  of  2250  hours,  on  the 
same  circuit  used  in  the  preceding  life  test.  From  this  the 
following  data  were  obtained : 

Duration  of  test  in  hours 2250 

Number  of  four-glower  lamps  on  test 6 

Total  number  of  glower  hours 54.000 

Number  of  glower  burnouts 34 

"        "    heater           "        8 

"        "    ballast          "        o 

"       "    heater  porcelains  broken i 

Average  glower  life  in  hours l  600 

heater  life    (calculated) 3375 

Characteristics 

The  effect  of  voltage  variation  on  the  Nernst  lamp  is  clearly 
shown  in  table  No.  4  and  Figure  14;  the  curves  being  plotted 
from  the  table  in  percentage  values : 

TABLE   No.  4 

Volu  Current  W.iu  Candl^pSwer 

180  .Bo  147                      32.4 

190  .98  187                      53 

900  t.19  238                           90.  S 

aio  t.40  395  144 

sao  Z.55  341  185 

ajo  1.63  374  20 1 

340  1.64  393  203 

250  1.65  4>3  207 

360  1.69  44n  220 

This  test,  like  the  preceding  ones,  is  of  recent  date  and  repre- 
sents the  average  performance  of  three  four-glower  lamps,  which 


unit  in  turn  is  representative  of  the  other  standard  and  most 
popular  units. 

Contrary  to  the  usual  custom  in  obtaining  a  lamp  character- 
istic, of  starting  at  the  lowest  point  on  the  curve  and  passing 
through  the  normal  to  the  highest  point,  it  was  thought  best,  in  the 
case  of  the  Nernst  lamp,  with  its  sluggish  temperature  charac- 
teristic, to  start  at  normal  and  gjadually  lower  the  voltage,  tak- 
ing readings  at  regular  intervals;  then  bringing  the  lamp  back 
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PER  CENT  OF  NORMAL  VOLT/IGE. 
Fig.  13— Per  Cent  ok  Normal  Voltage 

again  to  normal.  After  giving  it  sufficient  time  to  attain  its 
normal  wattage  value,  readings  are  taken  at  intervals  on  a  rising 
scale  from  the  normal  point  up  to  the  highest.  Obviously,  this 
method  more  nearly  approximates  actual  conditions,  since  the 
lamp  in  practice  is  subject  to  a  drop  or  rise  in  voltage  from 
normal.  It  has  been  ascertained  that  the  mean  intensity  of  the 
lamp  (fitted  with  a  sand-blasted  globe,  as  these  were),  at  30 
degrees  below  the  horizontal  corresponds  very  closely  to  the  true 


«68 

value  of  the  mean  lower  hemispherical  candle-power.  This  fact, 
which  is  borne  out  by  the  results  in  tables  No.  i  and  No.  2,  was 
made  use  of  in  the  characteristic  test  to  save  time,  and  the  figures 
given  are  approximate  values  of  the  mean  hemispherical  candle- 
power.  These,  of  course,  serve  equally  as  well  as  the  true  values 
in  obtaining  a  percentage  comparison. 

It  is  to  be  noted  from  the  curves  that  while  a  drop  in  voltage 
of  five  per  cent  below  normal  causes  a  decrease  of  25  per  cent 
in  candle-power,  the  same  percentage  rise  in  pressure  only  results 
in  a  10  per  cent  rise  in  candle-power. 


By  reason  of  its  later  advent  upon  the  field  of  lighting,  the 
Nernst  lamp  has  not  found  the  clear  track  into  the  good  graces 
of  the  public  that  the  incandescent  lamp,  in  its  infancy,  found 
awaiting  it.  This  latter  lamp  began  its  existence  at  a  very  oppor- 
tune moment,  when  there  was  a  dearth  of  practical  illuminants 
and  its  relative  merits  stood  out  prominently  in  contrast.  What 
mattered  it  if  the  newcomer  did  only  last  a  hundred  hours — its 
novelty  and  "cuteness"  were  enough  to  inspire  an  open-arm  recep- 
tion by  a  then  unsophisticated  public.  Fortunately,  as  it  turned 
out,  this  early  confidence  was  not  ill-placed,  and  the  incandescent 
lamp  was  developed  into  a  very  useful  servant  of  mankind. 
This,  in  connection  with  the  later  development  of  the  enclosed 
arc,  resulted  in  a  fairlv  satisfied  public,  which  was  harder  to 
please,  and  which  could  afford  to  take  its  time  in  the  acceptance 
of  a  new  illmninant,  even  though  the  latter  came  heralded  as 
one  of  great  merit.  It  was  with  this  state  of  affairs  that  the 
Nernst  lamp  had  to  contend  in  its  early  progress.  Owing  to  its 
demonstrated  advantages  of  efficiency  and  "sunlight"  quality, 
however,  this  first  shyness  is  gradually  and  surely  being  over- 
come, and  is  being  replaced  by  growing  confidence  and,  in  many 
quarters,  enthusiasm  regarding  the  future  of  the  lamp. 

It  may  here  also  be  said  that  the  early  advance  was  further 
impeded  by  the  reputation  which  the  lamp  got,  in  many  quarters, 
of  being  a  delicate  device  requiring  expert  attention  and  fit  only 
for  laboratory  usage — a  reputation  that  was  entirely  chargeable 
to  the  early  sales  policy,  in  force  during  the  years  1902  and  1903, 
of  using  the  electrical  supply  dealer  and  jobber  as  a  medium  for 
the  introduction  of  the  Nernst  lamp.    While  these  dealers  agreed 
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to  give  full  maintenance  instructions  to  the  lamp  purchasers, 
this  was  not  in  all  cases  consistently  done,  and  Nernst  lamps 
were  sold  apparently  with  utter  disregard  of  conditions.  In  this 
way  thousands  of  iamps  were  scattered  about  the  country  among 
small  users,  who,  after  "fussing  with  the  thing  awhile,"  as  they 
put  it,  became  disgusted  and  consigned  the  lamp  to  a  high  shelf. 
With  this  experience,  it  is  not  likely  that  the  opinion  of  such  a 
customer  would  serve  as  a  creditable  testimonial. 

(Ipposed  to  this,  however,  was  the  fact  that,  in  a  number  of 
large  and  prominent  installations,  where  the  maintenance  was 
conducted  on  a  rational  basis,  the  lamp  gave  good  satisfaction. 

It  therefore  became  evident  that  unless  the  company  could 
limit  its  field  to  large  isolated  installations,  with  private  main- 
tenance, the  success  of  the  industry  depended  upon  the  sale  of 
the  lamp  being  made  through  a  medium  that  would  provide 
systematic  maintenance.  On  this  account  it  was  only  natural 
that  the  central  station  lighting  company  was  selected  as  the  most 
desirable  agency  through  which  to  introduce  the  lamp  to  the 
public  at  large.  Accordingly,  a  complete  new  selling  policy  was 
inaugurated  by  the  Nernst  Lamp  Company,  establishing  the 
central  station,  instead  of  the  supply  dealer,  as  the  channel 
through  which  the  lamp  would  be  supplied  to  the  public. 

With  a  view  toward  relieving  the  light-user  from  all  care 
of  the  lamp,  for  which  he  is  usually  not  prepared,  the  new  policy 
was  incorporated  in  a  central -station  contract,  wherein  it  was 
specified  that  the  lighting  company  should  provide  proper  main- 
tenance for  the  Nernst  lamps  on  its  circuits. 

As  evidence  that  this  change  has  been  viewed  favorably 
by  the  central-station  interests,  the  fact  may  be  cited  that  prior 
to  April  I  of  this  year  210  lighting  companies,  including  nearly 
all  the  large  ones,  have  accepted  the  new  contract  and  are  find- 
ing the  lamp  to  be  a  valuable  ally  in  their  business.  Another 
fact  in  this  connection  is  that  the  total  sales  for  the  first 
quarter  of  1905  show  an  increase  of  155  per  cent  over  the 
corresponding  figure  for  the  same  period  of  1904. 

The  following  table,  giving  the  total  number  of  glower 
units  placed  in  service  during  the  year  ending  April  i,  1905, 
may  be  of  interest  in  showing  the  respective  percentage  demand 
existing  for  the  diflFerent  units ;  and  that,  thus  far,  the  three- 
glower  lamp  is  the  most  popular  of  all. 


TABLE   No.  5 

T.r^.  KquiTaleni  Per  Cent  of 

'  ""*  Glower  Unili*  ToUl 

6-glower 13,446  aa-5 

f4-glowcr 4,936  8.0 

3-glowcr 25,515  42.0 

2-«lowcr 5,574  9.2 

i-glower,  220-volt 6,493  ^o-7 

i-Klowcr,  no-volt 1.858  3.1 

"Baby" 2.754  4  5 

Total 60,576  100 

*  One  six-Kluwer  is  equivalent  to  six  glower  units,  etc. 
t  Tbis  type  wa»  not  on  the  market  prior  10  October  1,  1904. 

AMainlenancc 

While  the  Nernst  lamp  properly  belongs  in  the  class  of 
incandescent  lamps,  from  the  maintenance  standpouit  it  is  more 
akin  to  the  arc,  owing  to  its  general  structure;  the  three  main 
structural  parts  of  the  Nernst,  viz.,  the  lamp  body,  holder,  and 
globe,  being  analogous  to  the  corresponding  parts  of  the  arc 
lamp.  From  this  point  of  similarity  alone,  it  would  seem  evident 
that  the  maintenance  of  the  arc  and  Nernst  systems  is  much  the 
same.  In  the  arc  system  the  lamps  are  periodically  inspected, 
globes  and  shades  cleaned,  carbons  renewed  and  occasional  faults 
or  failures  of  the  internal  mechanism  repaired.  Likewise,  in  the 
Nernst  system  the  requirements  are  cleaning  glassware,  replac- 
ing burned-out  holders  and  renewing  an  occasional  ruptured 
ballast.  The  extra  labor  necessary  for  tlie  subsequent  repair  of 
Nernst  holders  at  the  station  may  be  counterbalanced  by  the 
extra  time  required  in  the  arc  system  for  more  frequent  inspec- 
tion tours;  the  average  life  of  the  glowers  being  about  ten  times 
that  of  the  carbons. 

As  a  matter  of  fact,  tlie  Nernst  maintenance  system  recom- 
mended for  central  stations  is  quite  similar  in  its  main  features 
to  tlie  arc  maintenance  system  of  the  New  York  Edison  Com- 
pany, as  described  in  a  paper  presented  at  the  1904  convention 
of  this  association.  Reference  might  also  be  made  to  various 
papers  and  articles  in  the  technical  press  on  incandescent  light- 
ing, in  which  it  is  shown  that  systematic  maintenance  is  also 
necessary  for  good  results  in  this  system. 

The  statement  occasionally  heard  coming  from  inexperienced 
persons,  that  the  Nernst  lamp  requires  skilled  labor  for  its  suc- 
cessful operation  is  only  true  in  ihe  sense  that  arc  trimmers  are 
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skilled,  and  is  false  if  intended  to  convey  the  idea  of  expensive 
labor.  The  actual  work  of  repairing  is  so  simple,  owing  to  the 
careful  provision  made  in  the  lamp  design  for  easy  renewal,  that 
a  boy  or  girl  can,  in  a  short  time,  acquire  the  necessary  skill. 
The  maintenance  bureau  operated  by  the  Nernst  Lamp  Com- 
pany in  the  Pittsburg  district — ^the  largest  organization  of  this 
kind  in  the  amount  of  business  handled — has  in  its  employ  one 
j'oung  man  acting  as  foreman  over  a  corps  of  five  inspectors,  and 
a  girl  who  does  the  holder-repair  work.  This  force  easily 
handles  the  entire  maintenance  of  the  7000  glower  units  operated 
by  the  bureau;  the  territory  covered  being  within  a  radius  of 
twelve  miles.  The  itemized  and  total  average  cost  per  glower- 
month  for  the  recent  winter  months,  December,  January  and 
February,  is  as  follows : 

Cost  per  Glowcr-Motnh 

Labor 3.71  cents 

Expenses  (car-farc,  cic) ....  ,80     " 

Material 5.05     " 

Total g.56  cents 

This  cost  per  glower-month  is,  of  course,  somewhat  higher 
than  the  yearly  average  would  be,  on  account  of  the  long  burn- 
ing hours  of  the  winter  season. 

From  the  above,  the  estimated  cost  per  kilowatt-hour,  assum- 
ing eight  hours'  burning  per  day,  is  5.2  mills;  which  figure  agrees 
closely  with  the  average  cost  reported  by  a  number  of  companies 
who  use  the  lamp  on  a  large  scale  and  carry  out  the  maintenance 
on  a  practical  basis. 

Aside  from  this,  however,  there  remains  the  fact  that  out 
of  the  210  lighting  companies  previously  mentioned  73  per  cent 
of  these  (including  the  largest)  are  supplying  the  Nernst  lamp 
on  the  same  free-renewal  basis  as  that  upon  which  they  supply 
arc  and  incandescent  lamps.  This  would  seem  to  be  the  most 
practical  proof  that  the  cost  of  Nernst  maintenance,  in  com(iari- 
son  with  that  of  the  arc  and  incandescent  systems,  is  at  least  not 
prohibitive. 

."ippHcatton 

The  chief  value  of  the  Nernst  lamp  to  the  public,  and  its 
real  field  of  usefulness  to  electric-lighting  interests,  becomes 
evident  in  a  brief  review  of  lighting  history.    The  competition 
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between  gas  and  electric  illuminants  that  began  with  the  birth  of 
the  carbon-filament  lamp  about  Iweiity-five  years  ago  has  since 
been  one  of  varying  success  to  both  sides.  The  early  incandes- 
cent lamp,  coming  into  competition  wiU;  gas  burners  of  the  fish- 
tail and  Argand  type,  proved  itself  so  much  superior  that  for  a 
time  it  seemed  as  if  the  incandescent  as  a  small  unit,  with  the 
open-arc  lamp  as  a  large  unit,  would  sweep  the  field  clear  for 
electricity.  As  you  know,  this  sweeping  process  was,  however, 
brought  to  an  abrupt  halt  by  the  later  introduction  of  the  VVels- 
bach  gas  mantle.  Since  that  time  honors  have  been  about  even 
between  the  gas  mantle  burner  and  the  incandescent  lamp,  and 
by  reason  of  the  respective  advantages  of  cheapness  in  the  one 
and  convenience  of  the  other,  the  spread  of  electric  service  has 
been  more  or  less  confined  to  the  richer  and  more  enterprising 
classes,  leaving  the  larger  and  more  common  field  open  to  the 
inroads  of  gas  lighting. 

In  addition  to  the  lower  operating  cost,  the  gas  units,  es- 
pecially those  of  the  multiple-burner  type,  were  of  a  more  suita- 
ble intensity  for  commercial  service  than  were  either  of  its  com- 
petitors. True,  much  has  been  done,  both  by  tlie  electric  lamp 
manufacturers  in  the  improvement  of  its  product  and  by  the 
lighting  companies  in  perfecting  their  service,  toward  warding 
off  the  encroachments  of  gas.  Yet,  with  the  arc  lamp  barred 
to  a  great  extent  on  account  of  its  size,  and  the  incandescent 
handicapped  both  in  size  and  efficiency,  tlie  odds  have  been  gfreat, 
and  the  need  of  a  more  efficient  illuminant.  in  sizes  to  complete 
with  the  different  gas  units,  has  been  thoroughly  appreciated  by 
electric-lighting  interests.  In  meeting  these  conditions,  for  which 
tt  is  so  well  adapted,  the  Nernst  lamp  has  proven  itself  to  be  a 
trusty  weapon  in  the  hands  of  the  central-station  manager.  It 
should  not  only  win  customers  from  the  ranks  of  present  gas 
users  and  prospective  purchasers,  but  it  should  also  prove  useful, 
as  a  last  resort,  to  prevent  dissatisfied  incandescent-lamp  users 
from  adopting  gas  illumination. 

One  of  the  chief  advantages  accruing  to  the  central  station 
through  the  use  of  a  high-efficiency  lamp  is  that  it  enables  the 
company  to  maintain  its  rates  under  all  conditions,  and  where  the 
old  flat-system  of  charging  is  still  in  vogue  and  it  is  desired  to 
change  over  to  the  meter  basis,  the  Nernst  lamp  becomes  valuable 
as  a  means  of  doing  so  without  causing  rebellion  among  the  cur- 
rent users. 
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It  may  be  contended  that  high  efficiency  is  a  negative  argu- 
ment in  so  far  as  the  central  station  is  concerned,  since  it  is  in  the 
market  to  sell  current  and  a  lamp  that  gives  twice  the  useful 
light  for  the  same  energy  consumption  is,  from  that  point  of 
view,  not  a  paying  proposition.  Fortunately  for  the  electric- 
lighting  business  this  opinion  is  held  by  a  rapidly  increasing 
minority,  and  it  is  now  widely  recognized  that  the  business  of  the 
lighting  company  is  to  sell  good  light.  Hence  the  past  endeavors 
on  the  part  of  lighting  interests  to  supply  the  existing  need  of  a 
more  efficient  incandescent  lamp — one  that  would  enable  them 
to  get  business  of  all  classes.  This  end  has  virtually  been  at- 
tained in  the  Nernst  lamp,  with  the  additional  advantages  of  high 
voltage  and  better  sized  units.  •« 

Another  point  that  demands  the  attention  of  the  lighting 
company  whose  circuits  are  loaded  to  their  full  capacity  is  that 
it  is  less  expensive  to  provide  for  increased  business  by  the 
introduction  of  high-efficiency  lamps,  costing  about  $35  per 
kilowatt,  than  it  would  be  to  iTistall  additional  station  equipment 
at  $150  per  kilowatt.  With  a  220- volt  lamp,  a  material  saving 
in  line  loss  is  also  to  be  included  in  such  a  comparative  estimate. 

It  is  now  generally  conceded  that  t!ie  Nernst  lamp  holds  a 
distinct  advantage  on  account  of  the  color  or  quality  of  its  light, 
it  is  wholly  due  to  this  feature  that  the  lamp  has  created  for 
itself  a  special  field  in  art  gallery  illumination.  After  a  series 
of  careful  tests  to  determine  which  of  the  modern  illuminants 
was  most  effective  in  bringing  out  the  true  colors  of  the  paintings 
and  providing  the  most  pleasing  general  effect,  the  Nernst  lamp 
was  selected  to  illuminate  the  interior  of  the  Art  Buildings  at 
the  late  St.  Louis  Exposition.  It  may  be  noted  here  that  the 
1500  three-glower  lamps  used  here  were  supplied  with  25-cycle 
current.  Similar  tests  were  made,  and  the  lamp  was  extensively 
adopted  in  the  new  Albright  galleries  of  Buffalo.  This  latter 
installation,  which  is  also  operated  on  25  cycles,  ts  unique  in  the' 
respect  that  the  lamps  are  located  between  the  inner  and  outer 
skylights  and  the  light  is  pro]ecte<l  through  the  skylight,  giving 
a  most  natural  and  pleasing  illumination  without  visible  sources 
of  light. 

Naturally,  this  advantage  in  color,  combined  with  those  of 

steadiness,   economy  and   neat  appearance,  would  also  tend  to 

make  the  Nernst  lamp  espcciallv  adapted  to  store-lighting,  and, 
18 
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as  a  matter  of  fact,  experience  in  the  past  indicates  tliat  this  is. 
and  will  continue  to  be,  its  most  popular  tield.  Department  and 
other  large  store  managers  have  come  to  a  realization  of  the 
possibilities  of  the  new  light,  and  several  installations  of  this 
kind,  which  usually  come  imder  the  domain  of  private-plant 
service,  have  recently  been  won  over  to  central-station  service 
with  the  Nernst  lamp. 

Assuming  that  the  above-mentioned  and  well-known  ad- 
vantages will  be  self-suggestive  of  the  many  applications  of  the 
]anip  to  the  various  other  classes  of  commercial  lighting,  we  will 
not  try  to  incorporate  a  detailed  discussion  of  this  nature  within 
the  limits  of  our  paper.  Numerous  large  installations  of  an 
isolated  character  throughout  the  country  stand  in  evidence  of 
the  lamp's  usefulness  in  bank,  office,  mill  and  factory  lighting. 

Several  street-lighting  systems  in  satisfactory  operation  also 
testify  to  the  fact  that  the  field  of  the  Nernst  lamp  is  not  con- 
fined to  indoor  service  alone.  While  a  system  of  the  six-glower 
type  compares  very  favorably  in  the  results  obtained,  as  well  as 
in  cost  of  generating  equipment  and  maintenance,  with  the 
modern  alternating  or  direct-current  series  arc  system,  the  single- 
glower  unit,  in  competition  with  gas  burners,  for  the  lighting  of 
small  towns  and  suburban  districts  of  the  larger  cities,  promises 
to  become  a  more  aggressive  factor  in  outdoor  service. 

DISCUSSION 

Mr.  W.  J.  Hazard  (Golden,  Colo.) ;  I  ask  what  is  the  pros- 
pect for  supplying  lamps  for  direct  current? 

Mr.  Roberts:  I  would  say  that  we  recently  conducted  a 
number  of  tests  on  direct-current  lamps  which  showed  very  favor- 
able results.  As  a  result,  we  have  made  arrangements  to  dis- 
tribute a  number  of  these  lamps  so  that  commercial  tests  may 
be  made  upon  thent  In  diflPerent  central  stations. 

Mr.  Williams:  I  would  suggest  that  this  is  a  subject  upon 
which  we  should  have  the  fullest  discussion — the  extent  to  which 
the  Nernst  lamps  have  been  used  by  central-station  managers  and 
the  results  of  their  use.  Mr.  Dunham,  for  example,  has  had  a 
great  deal  of  experience  with  these  lamps  in  Hartford.  We 
have  a  small  territory  in  New  York  in  which  we  have  105  or 
110  kilowatts.  We  find  that  the  lamp  does  not  materially  inter- 
fere in  the  field  of  either  incandescent  lighting  or  arc  lighting, 
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but  fills  a  gap  between  the  two ;  a  gap  that  would  be  filled,  per- 
chance, if  we  had  a  200-cp  incandescent  lamp.  The  light  is  of 
high  quality,  and  wherever  it  has  been  used  it  has  seemed  to 
give  entire  satisfaction.  We  find,  however,  that  the  field  admits 
of  the  largest  development  with  the  three  and  six-glower  lamps 
rather  than  with  the  siagle-glower  lamp,  which  competes  more 
directly  with  the  ordinary  incandescent  lamp  of  16  candles.  The 
life  is  fairly  satisfactory,  and  the  cost  of  renewal  is  slightly  over 
one  cent  per  kilowatt-hour  and  probably  would  not  reach  one  cent 
per  kilowatt-hour  were  the  lamps  used  to  a  larger  extent.  The 
growth,  while  rapid  in  one  sense,  is  slow  in  another.  The  income 
is  substantially  $11  annually  per  88-watt  glower,  which  is  about 
twice  the  average  equivalent  income  of  an  incandescent  lamp  of 
16  candle-power.  Through  the  medium  of  the  Nernst  lamp  we 
have  secured  the  return  of  a  large  amount  of  business — large 
relatively  for  this  small  territory — that  had  left  us  and  gone  to 
the  intensified  gas  burners.  We  feel  that,  while  we  have  had 
some  experience  covering  more  than  a  year  with  the  Nernst 
lamps,  we  should  like  to  get  the  benefit  of  the  experience  of  the 
other  companies  with  these  lamps. 

Mr.  W.  E.  Russell  (Massilton,  Ohio) :  I  ask  Mr.  Roberts 
what  is  meant  by  the  statetncnt  on  page  274,  where  he  says: 
"Several  street-lighting  systems  in  satisfactory  operation  testify 
to  the  fact  that  the  field  of  the  Xernst  lamp  is  not  confined  to 
indoor  service  alone."  I  ask  him  to  name  some  of  the  towns 
that  have  Nernst  lamps  for  outdoor  lighting. 

Mr.  Dunham:  I  have  used  the  Nernst  lamp  for  over  three 
years — almost  four  years.  We  have  3500  glowers — about  half 
as  many  as  they  have  in  Pittsburg,  although  our  population  is 
not  quite  half  the  population  of  Pittsburg,  being  90,000.  The 
lamp  has  filled  a  place,  and  we  do  not  see  how  we  could  possibly 
get  along  without  it.  As  a  displacer  of  gas-arcs  it  is  remarkable. 
If  you  put  up  a  three-glower  Nernst  lamp  in  a  place  where  they 
have  had  a  gas-arc,  the  gas-arc  immediately  comes  out  and  there 
is  no  question  about  it.  I  think  that  has  led  to  the  use  of  the 
lamp  in  our  city  very  largely. 

In  answer  to  the  question  of  Mr.  Russell,  I  would  say  that 
we  have  one  suburban  town  within  four  miles  of  Hartford  in 
which  we  have  placed  248  lamps  in  the  streets,  all  single-glower 
lamps,   and  they  have  given   great  satisfaction.     They   started 
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with  about  140  and  they  have  added  to  them  every  year  until 
now  they  have  248.  They  have  been  rimning  about  three  years — 
tliat  is,  the  original  installation.  We  charge  $18  for  all-night 
service,  and  we  find  it  is  very  good  business.  They  take  the 
place  of  the  ordinary  gas  light  used  in  such  towns. 

I  think  the  only  thing  that  has  retarded  the  progress  of  the 
Nernst  lamp  is  the  fact  that  the  high  price  of  the  glower  has 
led  the  users  of  tlie  lamp  to  try  to  get  the  full  life  out  of  the 
glower.  We  have  tested  the  life  of  the  glower — the  present 
glower  is  a  very  good  one  and  the  whole  lamp  has  been  greatly 
improved  in  the  last  year  and  a  half — and  we  find  that  the  life 
of  the  glower  is  now  from  800  to  840  hours ;  if  you  put  up  ten 
lamps  they  will  average  about  840  hours.  We  have  one  lamp 
now  running  that  has  beai  running  for  1700  hours.  But  if  you 
undertake  to  get  the  full  life  of  the  glower  you  are  almost  sure 
to  burn  out  the  heater,  because  if  the  glower  is  burned  out  in 
the  night,  when  it  may  not  be  noticed,  the  current  goes  on  and 
burns  out  the  heater.  The  heater  is  a  very  expensive  affair ;  the 
list  price  is  75  cents.  Three-fourths  of  our  entire  output  in  Hart- 
ford is  in  single-glower  lamps.  They  find  uses  in  all  kinds  of 
places.  We  put  them  out  on  a  card  system  and  do  not  let  any 
lamp  burn  more  than  450  hours.  Like  all  lamps,  the  candle- 
power  of  the  Nernst  lamp^  if  it  is  a  50-cp-glower  lamp,  will  bum 
for  the  first  50  hours  at  72  candle-power ;  it  tlien  drops  to  62 
and  stays  there  for  about  450  hours,  so  you  are  giving  not  a 
50-cp  lamp,  but  a  60-cp  lamp.  When  it  begins  to  drop  below 
that  it  drops  much  more  rapidly.  Our  system  is  to  give  the  best 
light  wc  can.  and  we  take  the  lamps  out  and  trim  them  when 
they  reach  a  limit  of  450  hours;  but  all  stations  can  not  face 
such  a  proposition  as  that.  If  the  glowers  in  this  country  were 
sold  at  what  you  might  call  a  fair  commercial  price,  everybody 
would  use  them.  On  the  other  side,  the  gJowcr  sells  for  2.25 
cents,  and  in  addition  to  that  they  give  something  besides.  Here, 
the  glower  runs  from  17  to  20  cents.  Of  course  that  price  was 
made  because  originally  there  were  great  expenses  involved  in 
developing  this  glower.  Those  expenses  have  to  a  certain  extent 
been  compensated  for,  and  when  the  Nernst  lamp  people  get 
ready  to  put  the  price  of  the  glower  down  to  eight  cents  they  will 
increase  their  sales  very  materially. 

Mr.  Roberts:    In  further  reply  to  Mr.  Russell's  inquiry  in 
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regard  to  street  lighting,  I  have  made  a  list  from  memory  of 
some  of  the  cities  in  which  the  Nernst  lamp  is  used  for  street 
lighting.  This  list  includes  Unionville,  Conn.;  Sewickley,  Pa.; 
Burlingame,  Kan. ;  Berwyn,  111. ;  Goldfield,  Nev. ;  Tonopah,  Nev. ; 
Golden,  Colo.;  Deming,  N.  M.,  and  Coalinga,  Cal. 

Referring  to  the  statement  in  my  paper  as  to  the  extent  of 
the  Pittsburg  maintenance  bureau,  I  would  say  that  the  7000 
glower  units  mentioned  do  not  include  many  large  isolated  instal- 
lations in  Pittsburg  where  the  maintenance  is  conducted  in  a 
private  manner,  nor  a  large  number  of  lamps  that  are  main- 
tained by  the  local  lighting  companies. 

(The  meeting  then  adjourned  until  eight  o'clock  in  the 
evening.) 


FOURTH   SESSION 

President  Davis  called  the  meeting  to  order  at  eight  o'clock 
and  announced  the  first  business  to  be  the  paper  entitled  Some 
Investigations  of  Inductive  Losses,  by  Mr.  E.  P.  Dillon,  of 
Colorado  Springs. 


Mr.  Dillon  presented  the  following  paper : 

SOME    INVESTIGATIOMS   OF   IMDUCTIVE 
LOSSES 


In  presenting  this  jiaper  it  is  not  llie  claim  of  llic  aiuhor  to 
set  forth  any  new  facts  or  discoveries,  but  rather  to  emiihasize 
some  of  the  points  in  connection  with  operating  central  stations 
under  adverse  inductive  conditions.  Tlie  losses  attendant  on  such 
operation  are,  no  doubt,  well  known  to  engineers  and  managers, 
but  unless  the  matter  has  been  investigated  the  importance  of 
the  subject  is  liable  to  be  slighted. 

The  plant  having  a  purely  lighting  load  is  comparatively 
exempt  from  these  troubles,  but  when  the  power  business,  sup. 
plied  by  alternating-current  motors,  begins  to  grow,  then  the 
complex  conditions,  due  to  inductive  effects  and  other  alternating- 
current  phenomena,  become  important  and  are  due  some  consider- 
ation. 

It  is  a  well-known  fact  that  an  induction  motor,  despite  its 
many  excellent  qualities,  has  a  low  power  factor  at  low  loads. 
The  power  factor  is  maximum  at  approximately  full  load,  drop- 
ping both  atxjvc  and  IkIow  full  load,  the  drop  being  very  rapid 
below  half  load. 

It  is  a  noticeable  fact  that  a  great  many  power  consumers 
have  a  little  knowledge,  which  is  just  enough  to  be  dangerous. 
Rather  than  confer  with  the  power  company,  whose  business  it 
is  to  show  what  will  best  serve  its  customers,  the  prospective 
power  user  consults  his  own  vast  storehouse  of  wisdom  to  deter- 
mine the  size  of  motor  necessary  to  do  his  work.  Then,  whh  an 
eye  to  future  development  in  equipment,  occasionally  ii>fluenced  by 
a  not  too  conscientious  salesman,  he  proceeds  to  buy  a  motor  suf- 
ficiently large  to  handle  his  work  for  several  years  to  come.  Tlie 
result  is  that  he  has  a  motor  that  will  never  be  loaded  more  than 
50  or  75  per  cent,  and  suffers  a  loss  of  efficiency  in  his  motor, 
besides  loading  up  the  transformers  and  other  apparatus  with 
wattless  current.  The  result  of  a  number  of  these  cases  to  the 
central-station  company  is  that  its  system  is  loaded  up  with  motors 
not  adapted  to  their  load,  and,  in  consequence,  it  has  a  system 
with  low  power  factor,  which  increases  the  cost  of  operating  with- 
out increasing  the  revenue. 
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Let  us  now  see  what  losses  these  conditions  bring  about.  We 
will  consider  primarily  the  line  losses.  As  a  matter  of  convenience 
for  computing  lines  for  alternating  current,  the  following  power 
factors  have  been  generally  accepted : 

Incandescent  lighting  and  synchronous  motors,  95  per  cent 

Incandescent  lighting  and  induction  motors,  85  per  cent 

Induction  motors  alone,  80  per  cent 

But  in  many  instances  an  induction-motor  load  will  not  give 
an  80  per  cent  power  factor,  and  it  is  not  unusual  for  an  induc- 
tion motor  and  ligiiting  load  to  give  k-ss  than  an  85  per  cent  power 
factor,  especially  where  the  motor  load  is  large  compared  with 
the  lighting  load. 

In  lines  of  moderate  length  where  the  inductance  is  large' 
compared  with  the  capacity  the  losses  in  transmission  are  energy 
loss  and  drop  in  voltage,  due  to  energy  loss,  inductance  and  power 
factor.  The  energy  loss  is  the  OR  loss  in  the  line,  and  for  a  given 
delivered  voltage  C  will  vary  inversely  as  the  power  factor,  C 
being  the  current  in  the  line.  Therefore  the  energy'  loss  varies 
inversely  as  the  square  of  the  power  factor.  The  line  drop  in 
voltage  will  depend  not  only  on  the  power  factor,  but  on  the  fre- 
quency, size  of  wire  and  the  distance  between  wires. 

For  convenience  of  illustration  we  will  consider  a  con- 
crete case :  Suppose  a  case  where  2500  kilowatts  are  to  be  deliv- 
ered a  distance  of  ten  miles  at  10,000  volts,  3-phase.  60  cycles, 
assuming  a  load  factor  of  50  per  cent  and  a  manufacturing  cost 
of  one  cent  per  kilowatt-hour.  The  line  is  a  two-circuit  construc-1 
tion,  each  circuit  having  three  wires  of  No.  o  B.  &  S.  gauge 
copper. 


Power 

Muiimum 

Per  Cent 

LoM  in  Dollars 

Per  Cent 

Volu  at 

Factor 

KwLoM 

Kw  Loss 

per  Month 

E.M.F.  Drop 

Generator 

I, (XI 

1C5 

6.6 

594.00 

7.0 

10,700 

•95 

184 

73 

662.00 

9-5 

10,950 

.90 

204 

8.1 

734.00 

to.5 

n,05o 

.85 

229 

q.2 

824.00 

II.7 

11,170 

.80 

258 

10.3 

930.00 

12.4 

11,240 

•75 

294 

II. 7 

I,c6o.oo 

'3.5 

11,350 

.70 

337 

13.5 

1,214.00 

14.4 

11,440 

.65 

392 

15.6 

1,408.00 

15-7 

11.570 

.60 

458 

1S.3 

1,650.00 

17.0 

11,700 

.55 

545 

2t.8 

1,960.00 

18.4 

11,840 

.50 

600 

26.4 

2,37500 

20,0 

12,000 

.40 

1,030 

4t.o 

3.730.00 

a4.o 

12,400 
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Fig.  2— Energy  Loss  and  Voi.ts  Drop  in  Line  in  Per  Cent  of 
Delivered  Power  and  Volts 
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Fig.  3 — Energy  Loss  in  Line — General  Case 
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An  examination  of  the  table  will  show  that  the  energy  loss 
in  per  cent  runs  from  6.6  per  cent  at  loo  per  cent  power  factor 
to  41  per  cent  at  40  per  cent   power  factor. 

The  load  factor  is  the  ratio  of  the  maximum  to  the  average. 

The  loss  in  dollars  per  month  is  computed  from  the  loss  at 
average  load  at  one  cent  per  kilowatt-hour.  A  little  study  of  the 
loss  per  month  will  show  how  rapidly  the  monetary  losses  in- 
crease as  the  power  factor  decreases.  Another  thing  noticeable 
is  the  rapidly  increasing  loss  in  voltage. 

Knowing  the  losses  due  to  low  power  factor,  let  us  consider 
some  of  the  methods  available  to  overcome  the  losses.  In  the 
first  place  where  the  power  factor  is  very  low  it  is  probably  due 
to  motors  working  on  light  loads.  This  can  be  improved  by  a 
careful  survey  of  the  consumer's  requirements  and  a  rearrange- 
ment of  the  motors,  with  a  benefit  both  to  the  consumer  and  to 
the  company.  Synchronous  motors  also,  properly  handled,  will  im- 
prove the  power  factor.  Under  this  same  head  comes  rotary  con- 
verters. A  case  is  possible  where  a  synchronous  motor  running 
idle  as  a  rotary  condenser  is  a  g(X)d  investment.  This  should  prob- 
ably be  located  at  the  centre  of  distribution. 

The  corrective  range  of  a  rotary  contlcnser  depends  upon  its 
field  capacity  and  armature  ampere  capacity.  It  is  a  well-known 
fact  that  a  synchronous  motor  will  have  a  leading  current  with 
an  over-excited  field  and  lagging  current  with  an  under-cxcited 
field.    This  is  shown  in  curve  4. 

In  special  case  above,  with  power  factor  90  per  cent,  let  us 
see  what  size  of  rotary  condenser  will  be  needed  to  correct  the 
power  factor  to  unity  : 


IV 


Fir..  4 

At  90  per  cent  power  factor  the  current  in  each  leg  =  C  = 
=     161     amperes.        Cos    a    =     90 


IV 


a  =  25"  50' 
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This  value  of  C  is  made  up  of  two  cornf>onents,  one  in  phase 
with  e.m.f.  =  CV,  the  other  at  right  angles  to  e.m.f.  =  6'.,  Cj  = 
C  Sin  (I  =  161  X  .4357  =  70  amperes. 

The  rotary  condenser  must  have  an  ampere  capacity  of  70 
amperes  at  10,000  volts,  or  a  k.v.a.  capacity  of  121 1  kilowatts; 
1.  c,  the  rotary  must  operate  with  a  leading  current  of  70  am- 
peres in  opposition  to  the  70-ampere  wattless  component  of  the 
system.  This  is  a  theoretical  case  of  a  motor  without  friction. 
In  practice  the  motor  will  require  some  current  as  energy  com- 
ponent to  make  up  the  losses  and  overcome  friction.  This  feature 
will  reduce  to  some  extent  the  corrective  capacity  of  the  motor. 


Al  85  per  cent  power  factor, theoretical  corrective  k  v. a.  capacity  =  1550  kw. 

..  gQ       ..                     ..                      ..                   ..              ..             ..       _  jggQ  .. 

"  75       "                   "                     ••                 •'             <■            "       =  aaoo  " 

•'  70      "                   "                     "                  "             '■            "       =  2500  •' 


It  is  thus  seen  that  at  70  per  cent  power  factor  the  k.v.a. 
corrective  capacity  equals  the  delivered  power,  since  the  angle 
of  lag  is  45*  and  the  energy  and  inductive  components  are  equal. 

Below  70  per  cent  power  factor  it  is  easy  to  see  that  i\\t  cor- 
rective k.v.a.  capacity  necessary  would  be  greater  than  the 
amount  of  kilowatts  delivered. 

Let  us  how  see  what  economy  arises  from  the  installation  of 
a  rotary  condenser.  Mr.  Berg  has  shown  that  the  efficiency  of 
transmission  increases  with  synchronous  condensers  up  to  about 
95  per  cent  power  factor.  Beyond  this  the  best  conditions  are 
obtained  by  running  without  synchronous  motors. 

Consider  the  special  case  above,  with  the  system  operating 
at  75  per  cent  power  factor.  To  obtain  tlie  same  C^R  loss  at  75 
per  cent  power  factor  as  is  found  at  95  per  cent  power  factor 
on  line  in  above  case,  viz.,  two  circuits  of  No.  o  copper,  it  will 
be  necessary  to  have  two  circuits  of  No.  000  copper.  Owing  to 
use  of  larger  wire  with  same  CrR  loss  the  drop  in  voltage  is 
greater,  being  9,5  per  cent  at  95  per  cent  power  factor  on  smaller 
line  and  1 1  per  cent  at  75  per  cent  power  factor  over  the  larger 
line. 

The  copper  investment  to  secure  the  same  energy  loss  in  above 
cases,  allowing  20  cents  per  pound  for  copper,  follows : 
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Seventy-five  per  cent  power  factor,   two  circuits,  No.  ooo, 

Investment =  $32,983.20 

Ninety-five  per  cent  power  factor,  two  circuits,  No.  o.  In- 
vestment     =     20,736.00 

Saving  of  investment  in  favor  of  95  per  cent  power  factor. ...    =  $12,247.20 

Energy  loss  per  annum  at  75  per  cent  power  factor =  $12,720.00 

Energy  loss  per  annum  at  95  per  cent  power  factor =       7,944.00 

Energy  loss  saving  in  favor  of  95  per  cent  power  factor...    =     $4,776.00 

This  saving  in  energy  loss  per  annum  represents  12  per  cent 
on  an  investment  of  $39,800,  allowing  six  per  cent  each  for  inter- 
est and  depreciation. 

This  loss  of  energy  between  75  and  95  per  cent  power  factor 
can  be  overcome  by  the  installation  of  the  proper-sized  rotary 
condenser  to  run  idle  on  the  system,  with  no  load  except  friction 
and  its  internal  losses. 
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Fig.  5 


At  95  per  cent  power  factor,  angle  AOB=  18°  11' 
Current  =  OB  =152  amperes. 
AB  =  OF  =  152  X  Sin  18'  11'  =  152  X  .312 
amperes. 


=  47-5 
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At  75  per  cent  power  factor,  angle  AOC  =  41'  24' 
Current  0C='  192.5  amperes. 

AC  =  0G==  192.5  X  Sin  41°  24'  =  192.5  X  .6613 
amperes. 


=  127 


Fig.  6 


To  correct  power  factor  to  95  per  cent,  it  will  be  necessary 
to  have  a  rotary  condenser  with  current  capacity  equal  OG  —  OF 
=  79.5  amperes.  This  gives  a  k.v.a.  capacity  of  1375  kw.  Owing 
to  the  rotary  having  friction,  ct  c<ctcra,  it  will  not  give  this  cor- 
rection.   Assuming  that  the  losses  are  10  per  cent  in  Figure  3, 

05"  =  k.v.a.  of  rotary  =  1375  kw 

OR  =  energy  component  =  137.5  ^w 

US  =  corrective  component  =  V'STS'  —  *37S'  =  '37° 
k.v.a. 

This  same  method  will  apply  to  a  synchronous  motor  partially 
loaded  in  determining  the  correction  it  will  give.  To  obtain  cor- 
rection from  synchronous  motors,  they  should  be  used  only  on 
constant  load,  as  the  power  f.ictor  changes  with  the  load.  The 
cost  of  installation  of  a  1375-kw  rotary  condenser,  complete, 
should  not  exceed  $14,000.  This  gives  an  excess  cost  of  the  con- 
denser over  additional  copper  of  $1753. 

The  rotary,  however,  not  only  effects  the  same  saving  in  en- 
ergy line  loss  as  additional  copper  in  line,  but  it  relieves  the  gen- 
erator of  working  at  excess  voltage  and  acts  as  a  regulator  at 
the  centre  of  distribution,  even  boosting  voltage  at  its  terminals. 
It  is  also  probable  that  any  system  which  would  find  itself  in  need 
of  a  rotary  condenser,  as  outlined,  would  be  in  operation  with  cer- 
tain lines  constructed. 


In  order  to  install  the  additional  copper  requisite  it  would 
be  necessary  to  expend  considerable  in  labor  and,  possibly,  extra 
pole  line.  This  would  quickly  cat  up  the  difference  of  $1753,  first 
cost  in  favor  of  the  copper,  making  the  rotary  condenser  proposi- 
tion the  better. 

Next,  let  us  consider  the  case  of  a  single  unit,  vie,  a  750- 
kw  generator,  66oovolt,  j^-phase,  60-cycle,  normal  full-load  cur- 
rent rating  at  66  amperes  at  100  per  cent   power  factor. 


Power  Factor 

Percenugc  C*  R 
LoM 

AmperM 
Generator 

Kw  ac 

Generator 

I. TO 

50 

33 

39» 

95 

5-5 

34 

395 

90 

6.1 

36 

39* 

85 

69 

38 

401 

80 

7.8 

41 

404 

75 

8.9 

44 

408 

70 

tO.2 

47 

4*3 

65 

II. 8 

50 

419 

60 

13.8 

55 

427 

55 

16.5 

60 

437 

•50 

19.9 

66 

450 

A  glance  shows  that  as  the  power  factor  decreases  the  gen- 
erator becomes  loaded  up  in  current,  while  the  engine  continues 
to  have  less  than  its  most  efficient  load.  That  is,  at  full-load  cur- 
rent capacity  of  the  generator  the  engine  is  not  loaded  much  more 
than  three-fifths.  Consequently,  the  engine  is  running  at  low  effi- 
ciency, which,  in  turn,  affects  the  coal  pile  and  runs  up  the  cost  per 
kilowatt-hour.  A  case  that  often  happens  is  one  in  which  one 
imit  could  carry  the  actual  watts  load,  but,  owing  to  low  [X)wer 
factor,  it  becomes  necessary  to  run  more  than  one  unit  to  take 
care  of  the  excessive  current  demand  on  the  generator,  resulting 
in  further  loss  in  efficiency.  Of  course,  there  is  an  additional  load 
on  the  engine,  not  shown  in  table,  of  CJ?  loss  in  generator.  This 
table  shows  how  rapidly  the  plant  capacity  is  consumed  in  useless 
output.  Another  objectionable  feature  is  the  drop  in  voltage, 
necessitating  extreme  voltage  at  generator  to  deliver  sufficient 
pressure  at  the  end  of  the  line.  The  exciter  demand  also  increases 
very  rapidly. 

Following  are  some  data  from  an  actual  test: 
The  generators  were  two  750-kw,  3-phasc,  6600-voIt,  6o-cyde 
generators,  having  a  normal  current  rating  of  66  amperes  at  too 
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per  cent  power  factor.  These  were  supplying  lighting  and  motor 
load.  On  secondary  or  lighting  'bus-bars  was  connected  a  300- 
kw.  3-phase.  6o-cycle,  2300-volt  synchronous  motor,  having  a 
normal  current  rating  of  75  amperes  at  100  per  cent  power  factor. 

In  the  first  case  two  generators  were  running  and  the  motor 
was  running  at  very  light  load,  pulling  a  line  shaft,  which  did 
not  amount  to  more  than  50  horse-power.  The  motor  field  was 
varied  and  voltage  at  generator  kept  constant. 

The  following  table  shows  variation  of  amperes  in  motor 
armature  for  amperes  field,  and  also  shows  the  boosting  effect  of 
the  motor  when  over-excited,  and  x'ice  versa.  The  normal  voltage 
at  motor  was  about  2340  volts. 


Amperes    Field 

Ampcrei   Armature 

Volu  at  Motor 

ao 

73 

2270 

■5 

51 

2300 

30 

as 

2300 

35 

»5 

2330 

40 

10 

2340 

45 

16 

2350 

50 

35 

2350 

55 

47 

2380 

60 

63 

23go 

65 

75 

230T 

70 

93 

3420 

In  the  second  case  the  motor  was  partially  loaded,  pulling 
some  500-vott  direct-current  power  machines.  One  generator 
was  supplying  the  synchronous  motor  and  a  mill  load  of  induction 
motors.  Two  tests  were  made,  one  in  morning  at  high  power 
factor,  one  in  afternoon  at  low  power  factor.  The  load  in  each 
case  was  about  the  same,  being,  if  anything,  lighter  in  afternoon. 
The  power  factor  was  varied  by  the  synchronous  motor.  Test 
shows  as  follows: 


Power  Factor 

VoUi 
Generator 

Aroperei 
GeneraiLr 

Kw  Field 
Generator 

Volti  at 
Motor 

A.  M,,  95  per  cent.. . 
P.  M.,  70  per  cent. . . 

III. 6 
iog,8 

57.5 
83.0 

140 
23.6 

103.5 
97-4 

The  volts  at  motor  were  reduced  to  the  same  value  as  volts 
at  generator,  being  volts  registered  on  voltmeter.     This   table 
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shows  loss  in  voltage  at  receiving  end,  due  to  low  power  factor,  the 
lint-  ilrop  being  7.2  per  cent  of  generator  voltage  at  95  per  cent 
power  factor  and  13.7  per  cent   at  70  per  cent   power  factor. 

Tlie  excessive  demand  on  exciter  at  low  power  factor  is  also 
shown,  as  well  as  overloading  of  the  current  capacity  of  the  gen- 
erator. 

The  regulation  of  a  generator,  which  is  guaranteed  within  a 
certain  per  cent    at  unity  ix>wer  factor,  drops  very  rapidly  at 


Fig.  7— Results  of  Field  Changes  in  Synchrosous  Motor 


lower  power  factors,  and  a  !c>w-}X)wer-factor  load  is  very  liable 
to  be  a  fluctuating  load.  Therefore  poor  regulation  is  to  be  ex- 
pected. Each  case  is  a  special  problem  and  requires  investigation 
of  its  pt-culiar  characteristics. 

The  field  for  power  is  opening  up  rapidly,  as  the  uses  to  which 
electric  power  can  be  put  increase  daily.  With  this  tendency 
on  the  part  of  plants  to  develop  power  business,  the  question  of 
transmission  becomes  an  important  one,  and  I  trust  that  the  facts 
presented  here  may  emphasize  the  possible  losses  resulting  from 
power  supply  and  show  the  importance  of  co-operation  with  the 
prospective  consumer  in  placing  suitable  motors.  In  some  cases 
»9 


290 


companies  might  find  it  advantageous  to  offer  some  premium  to 
their  consumers  for  the  maintenance  of  a  high  power  factor,  or 
embody  a  clause  in  contracts  specifying  that  motors  be  installed 
whose  rated  capacities  shall  be  within  a  certain  percentage  of  their 
individual  loads. 

The  President:  Is  there  any  discussion  on  the  paper  that 
Mr.  Dillon  has  read?  If  not.  we  will  take  up  the  paper  on  The 
Choice  of  an  Insulated  Cable,  by  Mr.  Wallace  S.  Qark,  of 
Schenectady,  N.  Y, 


Mr.  Oark  read  the  paper,  as  follows: 

THE  CHOICE  OF  AN  INSULATED  CABLE 


Every  plant  generating  electric  current  uses  insulated  cables 
— in  many  cases  only  for  station  wiring;  in  others  for  its  entire 
distributing  system,  llie  comfKiny  that  buys  twenty-five  or  more 
miles  of  cable  each  year  can  and  does  devote  a  liberal  allowance 
of  engineering  skill  to  the  selection  of  the  best  and  most  eco- 
nomical lypes.  There  are  a  very  large  number  oi  plants  of  moder- 
ate size  that,  with  the  growth  of  their  business  and  the  increasing 
tendency  to  substitute  underground  for  overhead  construction,  are 
compelled  to  increase  continually  their  investment  in  this  line. 
Some  of  the  points  covered  in  this  paper  will,  I  hope,  be  of  value 
to  those  responsible  for  the  success  of  such  plants. 

The  size  of  the  conductor  is  determined  by  well-known  meth- 
ods, therefore  it  is  only  necessary  to  emphasize  some  points 
usually  overlooked.  There  are  two  distinct  conditions  of  service. 
One  where  the  amount  of  current  is  not  subject  to  any  probable 
increase,  such  as  instalment,  generator  and  transformer  leads; 
the  second  comprising  all  lines  outside  of  the  station  that  may  be 
subjected  to  increasing  loads  due  to  the  growth  of  business. 

For  the  first  class  ampere  (current-carrying)  capacity,  or 
mechanical  strength  in  the  case  of  small  apparatus,  is  the  de- 
termining factor.  The  current-carr>'ing  capacities  given  in  the 
National  Electric  Code  for  rubber  insulation  are  a  fairly  safe  guide 
and  the  current  densities  given  should  not  be  exceeded. 

I'^or  the  Second  class  of  conductors,  the  cost  of  power  at  the 
switchboard,  the  load  factor  of  the  line,  the  limits  of  loss  in  trans- 
mission for  satisfactory  regulation  of  potential  and  operation  ot 
consuming  device,  the  heating  of  the  cable  inshort  lines,  the  prob- 
able increase  in  load  with  time  and  the  interest  charge  on  the  cable 
investment  arc  the  principal  factors  in  settling  the  size  of  con- 
ductor to  be  used.  The  Thomson  law,  so-called — that  the  most 
economical  arrangement  is  where  the  cost  of  the  pwwer  wasted 
and  the  interest  charge  on  the  table  investment  is  a  minimum — 
is  the  basis  of  many  formulae  elaborated  in  different  books. 

Having  determined  the  size  of  conductor  required  on  theo- 
retical grounds,  consideration  should  be  given  one  or  two  very 
practical  points.     First,  do  not  use  for  underground  construction 


^93 

cables  so  small  as  to  be  mechanically  weak.  I  have  in  mind  a  sta- 
tion with  a  6600-voIt  distribution  where  the  cables  ran  from  three- 
conductor  0000  to  three-conductor  No.  6  in  size;  the  No.  6  con- 
stituting the  smallest  piart  of  the  installation  and  giving  more 
trouble  than  the  entire  remainder  of  the  system. 

Second,  if  you  use  a  duct  system,  keep  in  mind  the  fact  that 
tlic  cost  of  duct  per  foot  is  independent  of  the  size  of  tiie  cable 
in  the  duct,  and  select  the  size  of  conductors  so  that  the  cables 
will  utilize  a  reasonable  proportion  of  the  duct  area.  Two  No.  8 
arc-light  cables,  single-conductor,  in  a  three-inch  duct,  costing 
from  20  cents  to  40  cents  per  duct  foot,  is  evidently  uneconomical. 
The  stanflard  three-iiicli  (Juct  will  take  cables  of  the  following 
sizes,  insulated  for  different  voltages:  Any  voltage  under  1500, 
single-conductor  cables  up  to  2,000,000  circular  mils;  concentric 
two-conductor  cables  up  to  1,000,000  circular  mils;  three-con- 
ductor cables  up  to  500,000  circular  mils. 

For  3000  volts,  single  conductors  up  to  1,500,000  circular  mils ; 
concentric  up  to  750,000  circular  mils ;  three-conductor  up  to 
400,000  circular  mils. 

For  6600-volt  lines,  which  are  practically  all  three-phase,  the 
limit  is  found  at  three-conductor,  250,000-cm  cable;  12,000-volt 
lines,  the  limit  is  found  at  three-conductor  No.  0000  cable;  on 
24,000-voIt  lines  at  about  ioo,ooo-cm  cable.  It  is  assimied.  of 
course,  tliat  the  three-conductor  cables  are  run  on  delta-connected 
circuits,  and  have  the  same  wall  of  insulation  between  conduc- 
tors and  ground  as  between  the  conductors  themselves.  If  the 
three-phase  circuit  is  run  Y-connected  with  neutral  grounded, 
then  tlie  outer  jacket  of  the  three-phase  cable  can  be  made  con- 
siderably less  in  thickness  and  larger  cables  be  installed  in  the 
standard  three-inch  duct. 

Figure  2  gives  some  curves  showing  the  variation  in  cost 
per  1000  circular  mils  of  copper  contained  in  the  cable  for  different 
sizes  of  cables  and  different  working  e.m.f.  It  will  be  noted  that 
the  lack  of  economy  in  the  use  of  small  conductors  is  most  marked 
in  the  15,000-volt  class,  where  changing  the  size  from  No  8  to 
No.  6  wire  increases  the  cost  less  than  four  per  cent,  while  the 
conductivity  is  increased  58  per  cent.  Or,  taking  the  larger  sizes 
and  going  from  No,  i  lo  No.  o.  the  cost  is  increased  eight  per 
cent  and  the  conductivity  26  per  cent. 

These  figures  and  curves  are  based  on  varnished  cambric 
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short,  it  is  easier  to  make  a  500,000-cm  cable  for  10,000  volts 
working  pressure  than  to  insulate  a  No.  14  wire  for  the  same 
purpose. 

The  next  point  to  be  covered  is  whether  single  or  multiple- 
conductor  cables  should  be  used.  For  station  wiring  single  con- 
ductors in  separate  ducts,  or  runways,  might  safely  be  taken  as  the 
best  modern  practice.  Maximum  safety  and  reliability,  and  sim- 
plicity of  arrangement,  appear  to  have  settled  this  question  pretty 
definitely.  For  outsi<le  lines  the  service  will  largely  decide.  Direct- 
current  railway  feeders  are  normally  single-conductor. 

When  ducts  are  high  in  cost  and  tlie  load  on  one  feeder  is  not 
heavy  enough  to  rt-quire  a  cable  utilizing  most  of  the  duct  space, 
two  feeders  may  be  combined,  as  long  as  their  course  is  parallel, 
in  a  concentric  type  of  cable  if  it  is  desirable  to  preserve  their 
identities  to  the  switchboard.  If  it  is  not  important  to  nm  the 
cables  as  separate  feeders  back  to  the  switchboard,  we  may  bunch 
two  or  more  cables  by  means  of  a  junction  box  into  a  single  large 
cable  which  will  run  back  to  the  generating  plant ;  as,  for  instance, 
three  500,000-cm  cables  might  be  multiplied  and  a  1,500.000-cm 
cable  run  back  to  the  station.  This  cable  is  readily  installed  in  a 
standard  three-inch  duct,  and  there  would  be  a  saving  in  first  cost 
of  cable,  a  saving  in  duct  investment  and  in  switchboard. 

For  low-tension  mains  on  the  three-wire  system,  either  three 
single-conductor  cables  or  one  three-conductor  cable  can  be  used. 
The  three-conductor  cable  is  slightty  cheaper  in  first  cost  but  not 
nearly  as  convenient  for  making  taps  to  customers.  Theoretically, 
with  alternating  currents  there  is  a  slight  advantage  in  the  use 
of  the  three-conductor  cable.  For  low-tension  fee<lers,  which 
usually  exceed  250,000  cireul^jr  mils,  in  size,  the  concentric  type 
of  cable  should  be  used  for  maximum  duct  economy.  Smaller 
than  250,000-cm  cables  may  be  run  as  a  flat  twin  conductor,  ami 
this  type  of  conductor  is  always  advisable  for  alternating  current 
feeders  with  manhole  transformers.  It  should  be  noted  here 
that  it  is  a  modern  practice,  and  one  to  be  commended,  in  running 
a  three-wire  system  to  ground  the  neutral  and  run  the  feeders 
simply  as  two- wire  feeders,  providing  a  tree  or  trunk  neu- 
tral to  which  the  different  points  of  distribution  are  connected  and 
which  runs  back  by  means  of  a  very  heavy  cable  to  the  station. 

The  common  practice  in  arc  circuits  is  to  use  single-conductor 
cable.    Where  a  number  of  circuits  are  in  parallel  for  any  distance 
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an  excellent  plan  is  to  combine  them  into  a  multiple-conductor 
cable.  This  saves  in  first  cost,  in  cost  of  installation,  and  in  cost 
of  ducts.  If  a  number  of  small  leaded  cables  are  run  in  one  duct, 
which  is  necessary  in  order  to  keep  the  duct  investment  reason- 
able for  the  arc  circuits,  one  cable  burning  out  in  a  duct  is  very 
likely  to  injure  the  others.  Further,  the  cables  are  liable  to 
mutual  injury  when  being  installed,  and  it  is  cjuite  difficult  to 
draw  out  one  cable  without  damaging  the  others.  These  are 
defects  that  may  be  avoided  if  a  multiple-conductor  cable  is  used. 

Single-phase  two-wire  lines  not  exceeding  No.  oooo  size 
should  be  run  as  twin  conductors  unless  numerous  taps  are  made, 
in  which  case  the  greater  convenience  in  making  joints  may  justify 
the  use  of  the  single-conductor  cable.  The  concentric  type  of  cable 
for  single-phase  work  is  losing  favor  in  England  and  on  the  Conti- 
nent and  has  never  been  in  favor  in  this  couniry.  Tlie  most  serious 
objection  is  that  in  a  large  network  of  concentric  cable  on  single- 
phase  or  three-phase  alternating  circuits,  great  care  is  required 
in  switching,  since  the  outer  conductor  has  a  very  much  higher 
electro-static  capacity  to  earth  than  the  inner  conductor,  giving 
rise  to  surging  of  the  voltage  and  current  and  to  bum-outs.  For 
three-phase  work,  three-conductor  cables,  and  for  two-phase 
(quarter-phase)  four-conductor  cables  are  required,  both  on 
economic  and  engineering  grounds. 

Tyftes  of  histiUuing  Material  for  Different  Sennccs:  (a) 
Station  iViring — I  believe  the  majority  of  engineers  who  have 
had  experience  in  central-station  construction  now  consider  that 
cables  without  metallic  sheaths  are  better  than  leaded  or  other 
metal-sheath  cables  for  this  class  of  work.  The  lead  sheaths  are 
generally  grounded,  and  must  be  grounded  in  a  high-tension  sys- 
tem to  prevent  the  accumulation  of  static  charge.  These  grounded 
lead  sheaths  offer  the  arc  from  any  conductor  to  earth  in  their 
neighborhood  a  ready  inducement  to  spread  and  cause  trouble 
on  adjoining  cables.  The  load  sheath  on  circuits  exceeding  5000 
volts,  and  on  all  voltages  if  the  cable  is  paper  or  fibrous  insula- 
tion, must  terminate  in  an  end  bell  or  pothead  to  prevent  the  break- 
down of  the  cable  at  the  terminus  of  the  lead  sheath.  This  end 
bdl  in  addition  serves  as  a  seal  to  prevent  the  absorption  of  mois- 
ture in  the  case  of  paper  or  similar  cable. 

Cables  for  tensions  not  exceeding  750  volts  that  can  be  run 
in  dry  non-metallic  ducts  without  pockets  where  water  may  cd- 
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lect,  or  on  suitable  incombustible  insulators — porcelain,  glass,  slate 
shelves,  concrete,  etc. — require  insulation  only  to  prevent  shocks 
to  operatives  and  short-circuits  due  to  mechanical  causes,  such  as  a 
workinan  dropping  a  wrench  or  bar  across  two  bare  conductors. 
An  excellent  type  of  cable  for  this  work  is  one  insulated  with  var- 
nished cambric  tapes  and  asbestos  (asbestos  being  on  the  outside), 
finished  with  a  flame-proof  braid.  Such  a  cable  can  be  operated 
continuously  at  the  boiling  point  of  water  without  injury.  The 
varnished  cambric,  being  inclosed  in  asbestos,  does  not  intioduce 
any  additional  fire  risk,  as  do  weather-proof  or  rubber  cables. 
The  rate  of  deterioration  is  less  than  with  other  types  and  the  cost 
low.  The  first  use  of  this  type  on  a  large  scale  was  in  the  Harrison 
street  station  of  the  Chicago  Edison  Company  in  1893.  Since 
then  they  have  been  largely  used  in  station  practice  and  have  never 
given  any  trouble ;  they  have  in  one  or  two  cases  come  through 
fires  practically  uninjured. 

For  pressures  of  looo  volts  and  upward  we  must  use  rubber 
cables  of  good  quality,  or  some  satisfactory  substitute.  Such 
cables,  unless  protected  by  individuaJ  fireproof  runways,  should 
be  protected  on  the  outside  by  an  asbestos  jacket.  This  jacket 
will  prevent  fire  following  along  the  cable  or  bunch  of  cables;  it 
also  acts  as  a  protection,  to  a  considerable  extent,  from  the  de- 
structive action  of  an  arc  from  an  adjoining  conductor. 

If  rubber  insulation  is  used  it  should  be  of  good  quality,  and 
such  cables  cannot  be  cheaply  made,  owing  to  the  present  ex- 
tremely high  price  of  the  better  grades  of  crude  material.  Rubber 
cables  should  not  be  operated  at  temperatures  exceeding  125  de- 
grees Falirenheit  if  reasonable  long  life  is  expected  of  the  insula- 
tion. Lower  operating  temperatures  are  most  desirable,  as  they 
will  do  much  to  prolong  the  life  of  the  insidating  wall.  Higher 
temperatures  cause  very  rapid  deterioration  of  the  insulation.  In 
England,  and  to  a  less  extent  on  the  Continent,  various  patented 
compounds,  made  usually  from  oils  and  bitumens,  have  been  tried, 
and  with  fair  success,  on  low-tension  work,  and  where  they  are 
not  subjected  to  any  high  degree  of  heat.  Tliese  cables  are  not 
adapted  to  the  high  temperatures  that  prevail  during  summer  in 
most  stations,  nor  will  they  give  satisfaction  when  run  at  the  high- 
current  densities  common  in  this  country.  Tlie  best  that  ran  be 
said  of  these  insulations  is  they  are  more  or  less  successful  imita- 
tions of  vulcanized  rubber  and  generally  have  all  the  faults  of 
rubber  insulation  more  or  less  exaggerated. 
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You  are  ail  no  doubt  familiar  with  the  large  use  of  oil  var- 
nish films  in  the  insulation  of  electrical  apparatus  such  as  trans- 
formers, generators,  motors,  etc.,  usually  used  in  combination  with 
some  woven  fabric  to  give  mechanical  support  to  the  frlm.  Six 
years  ago,  after  extended  experience  with  this  t>'pe  of  msula- 
tion,  the  company  with  wiiich  I  am  connected  became  conxnnced 
of  the  value  of  the  insulation  for  cable  work,  especially  on  cables 
of  large  size  or  for  very  high  voltages.  The  insulation  developed 
consists  briL-fly  (if  cloth  tapes  especially  treated  and  coated  on  both 
sides  with  multiple  films  of  varnish.  These  tapes  are  applied  to 
the  cable,  and  between  the  tapes  is  a  thin  film  of  plastic  insulating- 
material  which  docs  not  dry  or  become  hard.  The  function  of  this 
plastic  layer  is  to  increase  the  llexibility  of  the  cable  by  allowing 
the  tapes  to  slide  one  upon  another  when  the  cable  is  bent.  Cables 
ihus  insulated  are  tested  and  finished  the  same  as  rubber-insu- 
lated cables  with  braid,  lead  or  any  other  desirable  finish. 

This  tx-pe  of  insulation  has  all  the  good  qualities  of  paper 
cables.  It  will  withstand  as  high  temperatures;  it  is  more  flex- 
ible ;  has  a  considerably  higher  dielectric  strength ;  and  finally, 
most  important  of  all,  does  not  absorb  moisture  and  can  be  used 
in  interior  work  without  a  lead  jacket.  The  varnish  and  cambric 
insulation,  which  we  will  speak  of  as  V.  C  for  the  sake  of  brevity, 
will  not  decentralize  or  deteriorate  under  temperatures  destructive 
to  rubber  insulation.  Mineral  oil  will  not  rot  it.  So  far  as  data 
are  obtainable,  its  rate  of  deterioration  is  less  than  that  of  vul- 
canized rubber  of  the  best  quality  under  like  conditions.  Its  di- 
electric strength  is  fully  etiual  to  that  of  rubber  insulation.  The 
methcKl  of  manufacture  is  one  insuring  a  homogeneous  insulation 
of  uniform  dielectric  strength- — a  point  extremely  difficult  of  at- 
tainment in  rubWr-insulated  cables  for  high  voltagfs.  This  type 
of  insulation,  I  believe,  is  especially  suitable  for  station  wiring  in 
the  higher  potentials  and  larger  sizes  of  cables.  It  lacks  only 
one  quality  to  make  it  apfiroach  very  closely  the  ideal — it  is  not 
in  itself  fireproof;  neither  is  rubber,  nor  paper.  Like  rubber- 
insulated  conductors,  it  may  be  flame-proofed  with  asbestos  on 
the  outside,  or,  in  fact,  with  any  available  material  that  can  be 
used  over  the  other  insulations.  It  has  not  as  yet  been  applied 
to  ver\'  small  conductors  for  potentials  below  looo  volts;  for 
these  rubber  is  at  present  the  best  available  insulation.  For  small 
conductors  for  high  tension  an  inner  wall  of  rubber  and  an  outer 
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wall  of  varnished  cambric  makes  an  extremely  effective  cable  and 
one  much  cheaper  than  cable  built  entirely  of  rubber. 

Passing  to  conductors  outside  of  the  stations,  these  may 
be  roughly  divided  into  transmission  lines,  practically  always 
operated  at  potentials  of  4000  volts  or  more  and  running  to  sub- 
stations. The  second  class  of  cables  comprises  the  distributing 
systems  with  feeders  seldom  exceeding  3000  volts  and  mains  to 
which  customers  are  directly  connected  operating  at  500  vcJts  or 
less.  Circuits  outside  of  the  station  using  insulated  cables  are 
practically  all  underground.  Tliere  arc  a  few  cases  where  high- 
tension  leaded  cables  are  run  on  pole  lines  supported  by  a  steel 
cable  similar  to  telephone  practice,  but  this  may  be  regarded  as 
a  temporary  expedient. 

Underground  construction  in  tliis  country  consists  almost 
entirely  of  lead-jackettd  cables  in  conduits,  the  most  permanent 
type  of  duct  being  thoroughly  vitrified  tile.  For  installations 
where  electrolysis  can  be  guarded  against,  or  is  not  to  be  feared, 
papcr-insulatcd  lead  cables  give  thoroughly  satisfactory  service 
when  carefully  installed.  Where  severe  electrolysis  is  counted 
on  or  where  the  ducts  are  filled  with  water  for  considerable 
lengths  of  time  varnished  cambric  or  rubber  leaded  cables  should 
be  used  to  ensure  against  interruptions  of  service. 

There  are  some  successful  installations  of  rubber  cables,  not 
lead-sheathed,  in  operation.  It  is,  however,  questionable  if  this  is 
the  best  practice,  since  the  ultimate  life  of  the  leaded  cables  wilt, 
I  believe,  he  sufficiently  extended  to  warrant  the  extra  cost  of 
the  lead  jacket. 

Services  to  customers  are  installed  in  short  lengths,  although 
amounting  to  a  considerable  proportion  of  the  cost  of  an  under- 
ground system,  and  are  most  convenient  when  insulated  with  a 
material  not  requiring  special  sealing  of  the  ends  to  protect  against 
the  absorption  of  moisture,  and  it  is  a  common  practice  to  use 
rubber-insulated  cables  for  this  purpose.  We  believe  varnished 
cambric  to  be  equally  well  suited  to  the  requirements. 

Where  sub-aqueous  lines  are  called  for  various  construc- 
tions are  possible.  With  narrow,  shallow  streams  or  canals  the 
line  of  conduits  may  be  dropped  with  deep  manholes  and  the 
ducts  carried  underneath  the  bed  of  the  stream.  This  usually 
necessitates  draining  the  ducts  toward  one  manhole  and  providing 
a  small  pump  to  keep  the  manhole  clear  of  water  seeping  in.    Wide 
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shallow  streams  can  have  a  trench  dredged  or  dug  across  them 
and  cables  with  band  steel  armor  laid  in  the  trench  which  will 
usually  be  rapidly  tilled  with  silt.  For  deeper  streams  or  wider 
streams  armored  sutmiarine  cable  is  required.  A  method  used 
with  success  in  sonic  cases  is  to  lay  a  cast-iron  water  main  with 
specially  bolted  ball  and  socket  joints  along  the  bottom  of  the  river 
and  to  draw  an  unarmored  leaded  cable  through  it.  Tunnels  can, 
of  course,  be  used,  but  except  for  a  very  heavy  line  containing  a 
number  of  cables  this  construction  is  extremely  expensive,  and 
it  is  cheaper  to  install  one  or  more  spare  cables  which  can  be 
switched  into  service  in  case  of  accident  to  one  of  the  operating 
cables.  It  is  perhaps  well  to  mention  here  that  where  a  sub- 
marine cable  or  underground  cable  is  inserted  in  a  pole  line 
of  any  length  adequate  lightning  protection  should  exist  at  each 
end  of  the  cable. 

There  is  one  type  of  cable  largely  used  in  England,  and 
almost  universally  in  Continental  Europe,  of  which  we  do  not 
avail  ourselves  as  ttiuch  as  we  should  for  underground  work. 
This  is  the  so-called  Band  Iron  Armored  Cable.  Leaded 
cable  is  wrapped  with  tarred  jute  over  this,  with  two  overlapping 
steel  tapes,  each  from  one-thirty-second  to  one-sixteenth  inch 
thick.  The  outer  tape  covers  the  butt  joint  in  the  inner  tape  and 
is  protected  against  corrosion  on  the  outside  by  an  additionaJ 
jacket  of  compounded  jute.  Such  cables  buried  directly  in  the 
earth  have  been  giving  first-class  service  in  some  cases  for  twenty 
years.  They  are  in  use  for  pressures  from  250  up  to  15.000  volts, 
and  lines  of  even  higher  potentials  have  been  installed,  but  for 
too  short  a  time  to  be  cited. 

There  are  many  cross  streets  where  only  a  distributing  main 
of,  say,  three  0000  conductors  is  required.  A  single  duct 
with  small  manholes  every  75  feet  for  service  distribution  will 
cost  at  least  50  cents  per  duct  foot,  including  service  man- 
holes and  omitting  all  paving  charges.  Single  0000  cables  suit- 
able for  this  use  can  be  armored  for  approximately  eight  cents 
per  foot,  or  24  cents  for  three  cables,  showing  a  direct  saving 
of  16  cents  per  foot  of  three-wire  main,  allowing  10  cents  for 
trenching.  If  smaller  sizes  of  conductor  were  used  in  the  com- 
parison the  saving  of  the  armored  cable  over  the  duct  would  be 
largely  increased,  since  the  duct  charge  is  fixed,  while  the  cost 
of  armoring  is  approximately   proportional   to  the  size  of  the 
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cable.  With  such  constructions  services  can  be  installed  at  any 
point,  the  joint  being  protected  by  cast-iron  T  boxes.  Such  cables 
are  usually  installed  insi<le  of  the  curb  lines,  saving  the  expense 
of  disturbing  c-xpt-nsive  pavement.  Cables  thus  installed  can  run 
into  manholes  belonging  to  the  conduit  system  at  either  end  of 
the  block  and  be  then  worked  in  with  the  regular  distributing 
system.  For  service  to  buildings  set  back  from  the  street,  for 
an  underground  system  connecting  a  group  of  buildings  of  a  per- 
manent character  such  as  a  college  with  fine  grounds,  where  over- 
head lines  are  an  eyesore,  and  for  complete  sj-stcms  in  small 
cities  where  the  conduit  system  is  too  expensive,  this  type  of  cable 
represents  a  neglected  opportunity,  I  beSieve,  to  American  engi- 
neers. 

PROFEK   REQUIREMENTS    AS   TO   TEST    PRESSURES 

Before  it  is  shipped  from  the  maker's  factory  every  cable 
should  be  tested  with  an  e.m.f.  higher  than  the  maximum  work- 
ing pressure.  If  possible,  a  similar  test  should  be  made  after 
the  cable  is  installed  and  jointed.  As  to  the  relation  which  these 
lest  pressures  should  bear  to  the  working  pressure,  the  duration 
of  the  tests,  etc,  there  exists  considerable  diversity  of  opinion. 
For  a  good  many  years  the  writer  has  advocated  two  and  one- 
half  times  the  working  pressure  for  thirty  minutes  to  an  hour 
as  a  factory  test  and  twice  the  working  pressure  for  the  same 
length  of  time  after  the  cable  is  installed.  Cables  tested  under 
these  requirements  have  given  no  indication  in  practice  that  the 
margin  of  safety  was  not  ample.  Some  engineers,  desiring  a 
higher  factor  of  safety  on  important  and  large  installations,  specify 
a  factory  test  of  three  times  the  working  pressure  and  a  test  in- 
stalled of  two  and  one-half  times.  Any  requirement  more  severe 
than  this  represents  a  questionable  investment  on  the  part  of  the 
purchaser.  It  is  especially  timlesirable  to  make  very  high  poten- 
tial tests  for  very  short  periods  of  time,  since  the  cable  may  be 
decidedly  weakened  by  such  treatment,  ahhough  it  does  withstand 
the  high-potential  test  for  the  brief  period  specified.  In  short, 
the  words  "breakdown  test"  should  not  appear  in  cable  specifica- 
tions, in  the  writer's  opinion.  Boilers  are  tested  to  see  if  they  arc 
safe  for  a  given  working  pressure,  but  such  test  is  not  usually 
referred  to  as  a  bursting  test.  Cable  tests  should  be  considered 
on  the  same  basis.    They  are  not  to  show  the  ultimate  strength  of 
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the  cable,  but  to  show  that  the  cable  is  safe  and  satisfactory  cable 
for  the  purpose  for  which  it  is  intended. 

It  should,  of  course,  be  understood  that  the  above  refers  to 
cables  for  2000-volt  circuits  or  over,  since  in  lower  voltages  the 
necessary  mechanical  requirements  frequently  call  for  a  wall  of 
insulation  sufBcient  for  a  3000-volt  test  or  even  a  sooo-volt  test 
on  cables  which  are  to  operate  at  250  volts.  A  variation  in  tests 
called  for  by  some  engineers,  which  is  a  very  good  one,  in  my 
opinion,  is  to  test  the  cable  for  one  liour  at  two  and  one-half 
times  the  working  pressure  and  at  the  end  of  that  period  to  raise 
the  pressure  to  three  times  the  working  pressure  for  one  minute. 

Paper  cables  are  not  generally  teste<l  at  more  than  2300  volts 
for  eacli  one-thirty-second  of  wall ;  rubber  cables  at  2500  volts 
for  each  one-thirty-second  of  wall ;  varnished-cambric  cables  we 
are  enabled  to  test  with  2800  volts  for  each  one-thirty-second  of 
wall.  These  figures  apply,  of  course,  to  the  ordinary  commer- 
cial cables  as  made  to-day.  They  can  be  exceeded  on  specially 
made  cables  of  all  types.  The  size  of  the  cable  has  a  considerable 
bearing  cm  the  pressure  test,  and  the  figures  above  represent  the 
practice  on  cables  nmning  from  No.  6  and  larger,  for  working 
pressures  from  2000  to  20,000  volts. 

In  concluding  this  paper  I  would  strongly  advise  any  central- 
station  man  who  contemplates  underground  construction  to  pro- 
cure a  copy  of  Mr.  Louis  A.  Ferguson's  paper,  read  at  St.  Louis 
last  year  at  the  Electrical  Congress,  on  underground  construction, 
as  it  contains  a  mine  of  valuable  information,  which,  so  far  as  I 
know,  has  nowhere  else  been  published. 

It  is  to  be  regretted  that  more  time  and  thought  have  not 
been  given  in  the  past  to  the  selection  of  the  proper  types  of  cable 
for  given  uses,  as  the  subject  is  one  which,  on  account  of  both 
its  commercial  and  engineering  importance,  deserves  careful  study. 


The  President:  Does  any  member  wish  to  discuss  the 
paper  presented  by  Mr.  Clark?  If  not,  we  will  take  up  the  next 
paper,  Mercury  Arc  Rectifiers,  by  Mr.  P.  D.  Wagoner,  of  Sche- 
nectady, N.  Y. 


MERCURY  ARC  RECTIFIERS 


There  has  existed  for  some  time  a  demand  for  a  compact, 
efficient  and  low  cost  device  for  rectifying  alternating  current  for 
various  purposes,  particularly  for  charging  storage  batteries. 
Many  satisfactory  auxiliary  appliances  for  use  with  storage  bat- 
teries have  been  developed  front  time  to  time,  and  a  number  of 
devices  for  charging  batteries  have  been  placed  on  the  market. 
The  best  known  devices  for  this  purpose  are  the  motor-generator 
set,  the  single-phase  rotary  converter,  the  synchronous  or  mechan- 
ically driven  rectifier,  and  the  chemical  rectifier.  A  plant,  consist- 
ing of  a  gas  or  gasolene  engine,  driving  a  direct-current  generator, 
may  also  be  included. 

It  is  unnecessary  for  the  purpose  of  this  paper  to  describe  any 
of  the  above  devices  in  detail,  but  it  may  be  of  interest  to  mention 
some  of  the  disadvantages  that  may  be  found  in  their  use,  which 
disadvantages  have  seriously  retarded  the  more  extended  use  of 
vehicles  pro|>el]ed  by^  electricity.  Such  vehicles  have  many  advan- 
tages over  vehicles  driven  by  other  motive  power.  With  some 
suitable  provision  made  for  battery  charging  that  is  simple,  cheap, 
and  operative  by  unskilled  help,  the  use  of  the  electric  vehicle  will 
be  greatly  popularized  and  the  income  of  the  central  station  in- 
creased. 

The  Motor-Generator  Set 

The  motor-generator  set  has  been  somewhat  high  in  first 
cost  and  has  required  large  floor  space  for  installation.  The  effi- 
ciency at  full  load  of  sets  of  proper  size  for  charging  vehicle  bat- 
teries has  been  comparatively  low,  and  at  light  load,  very  low. 

Single-Phase  Rotary  Converter 

Tlie  single-phase  rotary  converter  is  not  as  flexible  as  the 
motor-generator  set.  particularly  as  regards  voltage,  and  it  re- 
quires more  care  and  higher  intelligence  in  starting  and  operating. 

Synehrotwus  or  Mechanically  Driven  Rectifier 

This  type  of  machine  is  comparatively  small,  but  requires 
considerable  attention,  as  the  direct-current  brushes  are  apt  to 
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FtC.    I — ANODI   CURkEMTS,   SHOWING    RELATIONS   OF   SiMULTAMXOUS 

Values  in   AnodkS  A   and  A' 

Fig.  2— DiRECT-CuiiRK?fT  Wave  Form  with  Its  Accompanying  Zk*c 
Line  Shown  IN  Its  Relation  TO  Impressed  E.M.F.       This  Is  a 
Combination  of  the  Akodb  Ci-rrrnt  Waves  in   Fig.    i 
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to  go  out.  In  this  connection,  it  is  inttrcsting  to  note  tlrat  even 
when  ojxTatiiig  the  rectifier  on  a  10,000-cycle  source  of  supply, 
the  same  holds  true.  Such  a  wave  form,  cvlmi  if  ol*tainahle,  would 
be  of  no  comniercial  vah:c. 

By  means  of  suitable  reactances,  the  current  is  held  over  the 
zero  value  and  the  pulsations  are  smoothed  out,  the  current  at  the 
cathode  becoming  not  only  luii-diroctional,  but  a  true  direct  cur- 
rent, with  pulsations  of  small  amplitude. 

The  resulting  direct-current  wave  form  is  shown  in  Figure  2, 
which  is  the  result  of  superimposing  the  two  curves  shown  in 
Figure  I .  The  action  of  the  reactance  can  be  seen  from  Figure  I , 
l)y  carefully  obsL-rving  that  the  wave  shape  is  evidently  no  longer 
a  sine  wave,  but  that  during  its  operation  the  reactance  is  sustain- 
ing the  current  at  a  higlier  value  than  it  naturally  would  be;  also, 
that  the  current  curves  in  each  anode  overlap  by  an  angle  of  over- 
lap of  approximately  20  degrees,  thus  eliminating  the  zero  points 
I  reviously  mentioned. 

The  cathode  is  then  one  terminal  of  the  direct-current  circuit. 
The  junction  between  two  reactance  coils,  such  as  referred  to 
above,  connected  between  the  anodes,  furnishes  the  other  terminal, 
so  that  at  any  instant,  the  circuit  from  the  alternating-current  line 
is  composed  of  a  rectilicr  arc,  the  li*ad,  and  one  of  the  reactance 
coils.  The  other  coil  is  at  the  same  time  discharging  the  energy 
stored  up  during  the  previous  half  wave,  at  which  time  it  was  in 
the  line  circuit. 

The  initial  ionization  of  the  mercury  vapor  is  accomplished 
by  a  small  starting  anode  (see  Figure  3),  which  is  brought  into 
contact  with  the  cathode  by  a  mercury  bridge  formed  by  a  slight 
shake  of  the  tube.  The  breaking  of  this  mercury  bridge  starts  a 
small  initial  arc,  and  the  arc  thus  olitaiued  excites  the  cathode, 
giving  the  necessary  ionized  vapor,  which  enables  the  working 
anodes  to  inmiediately  become  active  and  the  tube  to  start. 

A  detailed  idea  of  the  operation  of  the  mercury  arc  rectifier 
circuit  may  he  nhtaintd  from  Figure  3.  Assume  an  instant  when 
the  terminal  H  of  the  supply  transformer  is  positive,  the  anode  A 
is  then  positive  and  the  arc  Is  free  to  flow  between  A  and  B, 
B  being  the  mercury  cathode.  Following  the  direction  of  the 
arrows  still  further,  the  current  passes  through  the  load  /,  through 
the  reactance  coil  E  and  back  to  the  negative  terminal  on  the 
transformer  G.  A  little  later,  when  the  impressed  e.m.f.  falls 
below  a  value  sufficient  to  maintain  the  arc  against  the  counter 
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e.in.f.  of  the  arc  and  load,  the  reactance  E,  which  heretofore  has 
been  charging,  now  discharges,  the  discliarge  current  being  in  the 
same  direction  as  formerly.  This  serves  to  maintain  the  arc  in 
the  rectifier  until  the  e.ni.f.  of  the  supply  has  passed  through  zero, 
reverses  and  builds  up  to  such  a  value  as  to  cause  A'  to  have  a 
stifficiently  positive  value  to  start  an  arc  between  it  and  the  mer- 
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Fin.  3 — RectiI'Ikr  Connkctions  Shown 

DlAGRAMMATlCAl  LY 


cury  cathode  B.  The  discharge  circuit  of  the  reactance  coil  £  is 
now  through  the  arc  A'  B,  instead  of  through  its  former  circuit. 
Consequently  the  arc  A'  B  is  now  supplied  with  current,  partly 
from  the  transformer  and  partly  from  the  reactance  coil  E.  The 
new  circuit  from  the  transformer  is  indicated  by  the  arrows  en- 
closed in  circles. 

The  charge  and  discharge  voltage  of  one  reactance  coil  is 
clearly  shown  in  Figure  4,  afid  the  voltage  across  the  arc  A  B  or 
A'  B  is  shown  in  Figure  5.    The  measurement  of  the  two  halves 
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Fig.  4— Chakgs  and  Discharge  Voi.tagrs  ok  Reactance,  Showing 

Al'I'RuXIMATELY    COXSIA.NT    DlSCHARCE    VaI.UE.     IN    IlS     RELATION 
TO   1mFKRS.S£U    E.M.F. 

Fig.  5— VoLTAGt  Between  Anode  and  Cathode,  Showing  Con- 
stant Dnov  of  14  Volts  Wjmi.k  Arc  Exists,  in  Its  Relation 
to  Impressed  E.M.F. 
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Panel 

The  panel  with  material  mounted  thereon  requires  a  floor 
space  of  approximately  24  by  18  inches  with  a  height  of  76  inches. 
On  it  is  mounted  a  voltmeter,  ainmeter,  double-pole  switches  for 
connecting  the  panel  to  the  supply  circuit  and  the  load  circuit,  and 
the  necessary  doublc-poIe  and  singie-pole  switches  for  starting  and 
operating  the  rectifier.  Fuses  and  circuit-breakers  are  supplied 
for  protecting  the  rectifier  against  over-loads.  A  starting  re- 
sistance is  mounted  on  one:  of  the  ])ipe  supports  and  is  connected  in 
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Fig.  7 — Mf.rcury  Arc  Rfctififr  Tube,   Repre- 

StMAlUK    OF    10,    20    OK    30-AMrKKb    SiZE 

muhiple  with  a  pilot  lamp  inoiintcd  on  the  front  of  the  board,  The 
function  of  tiie  starting  resistance  is  to  allow  the  rectifier  to  start 
before  throwing  on  the  load.  The  function  of  the  pilot  lamp  is 
to  indicate  that  the  rectifier  is  in  operation,  and  it  also  acts  as  a 
warning  after  the  load  has  been  thrown  on  that  the  starting  re- 
sistance switch  should  be  opened,  as  the  lamp  is  dark  when  the 
rectifier  is  operating  on  the  load  only. 
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Tube  and  Holder 

The  tube  (Figure  7)  is  an  exhausted  glass  vessel,  containing 
two  anodes  A  A,  one  cathode  B,  and  one  starting  anode  C.  The 
terminals  arc  providtd  with  metal  caps  which  protect  the  elec- 
trcvdes.  thus  reducing  to  a  minimum  the  liability  to  damage.  The 
leads  from  the  anodes  are  connected  to  the  compensating  reactance 
and  the  lead  from  the  cathode  to  the  load. 

The  holder  consists  nf  a  moving  member  mounted  on  the  face 
of  the  panel  and  provided  with  spring  clips  for  holding  the  tube. 
Terminals  for  connecting  the  various  parts  of  the  tube  to  the 
panel  are  mounted  on  the  panel. 
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Flu.    a — DlACkAM    OF    CoNNFXTrf'NS   <>l'     MeBCUHV 

Anc   RbciitiER  Panel  Shuwn  in    I'u;.  6 


(.'ompcnsaiin^  Reactance 

The  compensating  reactance  (Figure  6)  is  connected  directly 
across  the  alternating-current  supply  mains  and  is  mounted  either 
on  the  back  nf  the  panel  or  stands  on  the  floor  under  the  panel. 
Leads  are  brought  out  from  the  reactance  to  a  dial  switch  mounted 
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on  the  front  of  the  panel.    By  means  of  the  dial  switch  the  voltage 
and  current  may  he  varied  within  the  limits  of  the  rectifier. 

Caf>(tcity 

The  rectifier  is  now  furnished  in  three  standard  sizes,  namely, 
10  amperes,  20  amperes  and  30  amperes.  The  above  covers  recti- 
fiers with  a  single  tube.  As  many  as  desired  may  he  operated  in 
multiple  by  the  addition  of  certain  auxiliary  apparatus. 

Fnupicncy 

The  rectifier  can  be  adapted  to  any  commercial  frequency, 
and  the  standard  outfits  will  operate  satisfactorily  on  any  fre- 
quency from  25  to  140  cycles,  inclusive.  They  are  designed  pri- 
marily, however,  for  60  cycles,  and  the  maximum  direct-current 
voltage  obtainable  when  operated  at  25  cycles  wil!  be  slightly 
higher,  and  when  operated  at  140  cycles  slightly  lower  than  when 
operated  at  60  cycles. 

i'oltagcs 

The  rectifier  can  be  furnished  to  operate  on  any  secondary 
commercial  alternating  voltage.  The  standard  outfits,  however, 
are  designed  for  operation  on  either  1 10  or  220  volts  alternating- 
current.  60-cycle,  single-phase  circuits.  It  has  been  found,  how- 
ever, that  for  a  range  of  direct-current  voltage  from  45  to  115, 
220  volts  alternating  current  will  give  the  best  results,  while  for 
a  range  uf  direct-current  voltage  from  16  to  45,  1 10  volts  alternat- 
ing current  is  most  satisfactory.  For  practical  purposes  the  direct- 
current  volts  may  be  considered  to  range  from  20  per  cent  mini- 
mum to  52  per  cent  maximum  of  the  alternating-current  volts, 
while  the  alternatitrg  current  may  he  considered  as  ranging  from 
40  per  cent  minimum  to  f/r  per  cent  maximum  of  the  direct  cur- 
rent delivere<l.  The  range  of  direct-current  voltage  is  obtained 
by  the  manipulation  of  a  dial  switch  mounted  on  the  panel. 

Effickncy 

As  the  loss  in  the  arc  is  constant,  the  efficiency  of  course 
\aries  with  the  direct-current  voltage  delivered.  For  example, 
t(.sts  have  shown  the  efficiency  of  a  30-ampere  set,  operating  from 
a  220-volt,  60-cycle,  alternating-current  circuit,  to  be  over  75  per 
cent   from  one-quarter  to   full   Inatl  at  a  direct-current   voltage 
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averaging  80,  and  over  80  per  cent  for  direct-current  voltage 
averag^ing  112.  It  will  be  noted  from  this  that  the  eflficiency  holds 
up  i,ery  high  down  to  one-quarter  load,  which  is  not  true  in  the 
case  of  motor-generator  sets.  At  the  same  delivered  direct-current 
voltage,  practically  the  same  efficiencies  would  hold  on  the  20- 
ampere  and  lo-ampere  sets. 

The  above  figures  are  cited  to  give  an  idea  of  efficiency,  as  the 
detailed  figures  vary  with  the  direct-current  voltage,  which  means 
with  every  connection  of  the  reactance. 

Power  Factor 

Under  the  same  conditions  of  test  as  gave  the  efficiencies 
enumerated  above,  the  power  factor  averaged  approximately  90 
per  cent.  It  is  of  special  interest  to  know  that  this  high-power 
factor  is  practically  maintained,  whether  a  low-voltage  battery  or 
a  Jiigh-voltage  battery  is  being  charged. 

Effect  of  IVaz'c  Form  of  Rectifier  on  Storage  Batteries 

The  question  has  been  raised  as  to  whether  or  not  the  pulsat- 
ing direct  current  obtained  from  the  rectifier  would  have  a  detri- 
mental eflfect  on  storage  batteries.  This  question  has  been  sub- 
mitted to  a  storage  battery  niamifacttirer  and  a  reply  has  been 
received  to  the  following  eflfect:  In  regard  to  the  effect  on  a 
storage  battery  of  charging  it  through  a  rectifier,  we  can  not  see 
how  it  can  possiI)ly  do  any  harm ;  in  fact,  we  should  infer  that 
charging  through  a  rectifier  would  he  more  efficient  than  from  a 
continuous  current,  as  the  pulsations  would,  if  anything,  allow 
more  time  for  chemical  action,  gassing  would  be  less,  and  there 
would  be  less  loss  of  encrg\'. 

Inherent  Regulation 

The  rectifier  has  an  inherent  regulation  of  from  six  to  eight 
per  cent  with  variations  of  direct  current.  This  inherent  regula- 
tion is  a  decided  advantage.  As  the  storage  battery  is  charged, 
its  counter  e.m.f,  increases,  which,  with  constant  alternating-cur- 
rent voltage  supplied  to  the  rectifier,  would  tend  to  reduce  the 
current  flowing  through  the  battery.  As  the  current  decreases, 
the  voltage  of  the  rectifier  increases,  thus  tending  to  compensate 
for  the  increase  of  the  counter  e.m.f.  of  the  battery.  If  this  in- 
herent regulation  did  not  exist,  the  regulating  switch  would  have 
to  be  moved  more  frequently  during  charge. 
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Maintenance  and  Repairs 

The  only  part  of  the  rectifier  set  that  can  require  maintenance 
is  ihe  tube.  The  life  of  the  tube  under  normal  operating  condi- 
tions is  at  least  400  hours.  It  will  be  readily  appreciated,  from 
your  knowledge  of  the  difficulty  of  arriving  at  the  average  life  of 
incandescent  lamps,  that  a  considerable  perio<J  of  test  is  required 
to  get  an  average  life  figure  of  the  rectifier  tubes.  Tests  at  present 
indicate  that  the  average  life  will  be  considerably  above  the  figure 
just  cited.  This  will  be  appreciated  from  the  fact  that  we  have 
obtained  tests  of  3000  hours  on  the  lo-ampere  tubes,  2500  hours 
on  the  2oampere  tubes,  and  700  hours  on  the  30-ampere  tubes, 
these  tubes  still  being  in  o[)eration  and  having  been  operated  con- 
tinuously at  their  rated  current.  The  figure  on  the  30-ampere  tube 
is  a  little  misleading,  due  to  the  fact  that  tests  have  not  been 
carried  on  as  long  on  the  30-ampere  tube  at  the  rated  current  as 
on  the  other  tubes;  in  fact,  not  long  enough  to  indicate  that  the 
life  will  be  any  shorter  than  the  figures  given  on  the  10  and  20- 
aniperc  sizes.  Tests  have  been  obtained  on  30-arap>ere  tubes  run- 
ning at  an  average  of  25  amperes,  of  1500  hours'  life. 

As  the  cost  of  renewals  is  merely  nominal  and  the  other  ad- 
vantages of  the  rectifier  are  so  numerous,  the  question  of  life  is 
not  at  all  serious,  but  in  any  case,  the  saving  in  cost  of  energy  due 
to  the  higher  efficiency  of  the  rectifier  set  over  a  motor-generator 
set  is  sufficient  to  pay  for  a  new  tube  in  approximately  300  hours, 
even  in  the  case  of  a  moderately  low  voltage  battery. 

Below  is  a  single  example  of  the  saving  in  cost  of  operation 
of  the  mercury  arc  rectifier  set  over  a  motor-generator  set,  when 
charging  a  44-cel]  battery,  the  battery  being  charged  in  accordance 
with  time  and  current  recommended  by  the  manufacturer. 

Motor-Generator  Set 

First  part  of  charge  is  at  28  amperes  and  106  volls  ( iveragc)  for  5  hours. 
Efficiency  of  sec  ai  this  load  =  63  per  cent. 

ScconJ  part  of  charRC  is  at  13  amperes  and  108  volts  taveraRf )  for  2  hr.urs. 
Eflii  iency  of  set  at  this  load  r::  36  piT  cent. 

*8  X  106  X  S  .       ._  r 

First  part  af  charge       =  -j^ —  =  83.93  kw-hours  from  service  mams 


Second  part  of  chyge  = 


6a  per  cent 
tax  108  X  2 
36  per  cent 


7.ao 


Total,     31.13  kw-hours  from  service  mains. 
When  figured  at  6  cenis  per  kw-huur  =  3r.t3  x  .06  =  tr.86;  per  charRc. 
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use,  a  considerable  increase  in  load  will  unquestionably  result,  as 
well  as  an  improvernent  in  the  load  factor. 

To  enable  a  clear  presentation  of  the  subject  of  the  mercury 
arc  rectifier,  and  to  avoid  confusion,  1  have  limited  the  discussion 
lo  one  application  uf  the  rectifier,  namely,  the  rectifying  of  alter- 
nating current  for  use  in  cliarging  storage  batteries,  primarily 
for  vehicle  piiqioses.  It  can,  of  course,  be  used  for  charging  bat- 
teries for  other  purposes,  such  as  for  electric  launches,  central 
energy  telephone  stations,  et  ccctera. 

One  of  the  most  important,  if  not  !he  most  important  applica- 
tion of  the  rectifier  is  in  connection  with  furnishing  direct  current 
for  the  operation  of  series  direct-current  carbon  arcs,  series  mer- 
cury arcs,  and  series  luminous  arcs  or  magnetite  lamps  for  serie;* 
itreet  lighting.  The  valuable  characteristics  of  the  magnetite 
lamp  were  presented  to  your  convention  in  [904,  and  doubtless 
are  appreciated  by  all  of  you.  as  is  also  the  fact  that  direct  current 
is  necessary  for  its  operation.  In  llie  past  this  has  been  a  dis- 
advantage, necessitating  the  installation  of  revolving  machinery, 
such  as  Brush  machines.  The  mercury  arc  rectifier  makes  pos- 
hible  the  operation  of  the  magnetite  lamp  from  the  well-known 
constant-current  transformer,  the  alternating  current  of  which  is 
rectified  into  direct  current  by  the  mercury  arc  rectifier.  Such  a 
system  of  street  lighting  has  been  operated  by  a  central  station  for 
some  time  with  remarkably  satisfactory  results.  It  will  readily  b^ 
sippreciated  that  this  means  a  rcvnlution  in  street  lighting. 

DISCUSSION 

Mr.  W.-vgoner:  As  the  rectifier  is  new  to  some  of  you  at 
least,  I  have  installed  a  set  that  has  been  developed  for  charging 
vehicle  batteries.     As  it  is  connected  up  I  wiH  start  it. 

(Mr.  Wagoner  then  described  and  demonstrated  the  opera- 
tion of  the  rectifier.) 

The  President:  Is  there  to  be  any  discussion  on  this 
paper? 

Mr.  W.  H.  BuioD,  Jr.  (Seattle,  Wash.) :  I  ask  what  drop 
in  voltage  you  have  before  the  arc  will  break, 

Mr.  Wagoner:  That  varies  somewhat  with  the  size  of  the 
tube  being  used.  A  lo-ampere  arc  is  not  so  stable  as  a  20  or  30- 
ampere  arc.     With  the  20  or  30-ampere  size  we  have  not  found 
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that  any  fluctuations  likely  to  occur  on  commercial  circuits  will 
put  the  arc  out.  On  a  lo-ampere  tube  the  fluctuations  may  be 
sufficient  to  put  the  arc  out,  and  i£  restarting  the  tube  under  these 
conditions  is  a  serious  matter  the  outfit  can  he  furnished  with 
an  automatic  starter  to  restart  the  tube  when  the  voltage  has  set- 
tled down  to  standard.  We  feel,  however,  that  the  automatic 
device  adds  a  slight  complication  that  in  90  per  cent  of  the  cases 
is  entirely  unnecessary,  and  therefore  we  do  not  furnish  it  as 
part  of  the  standard  outfit. 

Mr,  Dow :  Is  there  any  possibility  of  a  direct  current  kick- 
ing back  in  an  automobile-charging  device? 

Mr.  Wagoner:  If  the  counter-electromotive  force  of  the 
battery  rises  above  the  voltage  of  the  tube,  the  arc  simply  goes 
out.  The  tube  itself  is  an  automatic  reverse-current  relay.  The 
battery  can  not  discharge  back  through  the  lube. 


The  President:  Before  proceeding  with  the  next  paper, 
Mr.  Scovil,  of  Cleveland,  presents  the  following  amendment 
to  the  by-laws,  which  1  will  refer  to  a  committee,  as  it  is  desired 
to  have  action  taken  on  the  same  at  this  convention: 

Amend  Section  3.  Article  IV,  by  adding  at  the  end  thereof 
the  following:  The  retiring  president  shall,  by  reason  thereof, 
be  a  member  of  the  executive  committee  for  one  year  after  the 
expiration  of  his  term. 


The  President:  I  will  refer  the  proposed  amendment  to 
Mr.  Henry  L.  Doherty,  Mr.  H.  T.  Hartman  and  Mr.  George  W. 
Brine.  They  were  the  members  of  the  committee  having  in 
charge  the  matter  of  amendments  last  year. 


The  President:  We  will  consider  the  next  three  papers 
together,  as  they  all  relate  to  practically  the  same  subject.  The 
first  is  the  report  on  advertising  methods,  Mr.  Percy  Ingalls, 
of  Newark,  N.  J.,  reporter. 

Mr.  Ingalls  presented  his  report. 
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•y      N  collecting  material  for  a  report  on  Advertising  Methods, 

I  I  received  in  reply  to  my  circular,  responses  of  every 

kind.       Some  companies  are  advertising   considerably, 
others  confine  their  efforts  to  limited  space  in  the  news- 
^^^^      papers,  while  still  others  do  no  advertising. 

^fc  Many  of  these  replies  disclose  a  strange  apathy  on 

the  subject,  which  is  remarkable  in  this  age  of  advertis- 
ing where  almost  everything  is  attractively  presented. 

Some  of  these  letters,  confessing  to  limited  or  no  experience  in 
advertising,  were  written  apologetically,  making  it  apparent  tha 
central  station  interest  is  present,  though  dormant  in  many  places, 
and  that  it  is  undoubtedly  due  to  lack  of  lime  that  this  essential 
adjunct  to  the  commercial  department  has  been  neglected.  Adver- 
tising is  an  art  in  itself,  and,  as  few  men  are  born  artists,  the  efforts 
of  the  operating  man  along  these  lines  have  not  always  been  success- 
ful. As  it  requires  time  and  thought,  it  has  been  allowed  to  rest, 
awaiting  the  day  when  operating  troubles  should  cease  and  more  tiin  e 
could  be  devoted  to  commercial  questions. 

On  the  other  hand,  the  companies  that 
are  advertising  sent  in  so  many  good  plans  ■ 
and  copy  that  it  was  found  difficult  to  select 
that  which  would  best  illustrate  the  popular 
methods,  and  it  has  been  necessary  to  leave 
out  of  this  report  many  striking  examples 
of  advertising.  In  last  year's  very  interest- 
ing paper  by  Mr.  Vredenburgh,  the  various 
methods  then  in  use  were  so  clearly  indi- 
cated, and  in  the  interim  there  have  been 
so  few  innovations,  that  I  can  only  attempt 
to  bring  the  subject  up  to  date  and  show 
which  plans  have  grown  in  popularity  and 
how  the  progressive  and  aggressive  adver- 
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tising  of  to-day  is 
Ijeing  done. 

From     the    ma- 
terial   received,    it 

Light  VS.  Darkness   '     wouia  appear  that 
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United  Electric  Co. 


the  newspaper  has 
not  lost  its  lead  as 
t  li  e  most  used 
method  of  publi- 
city, for  the  com- 
panies who  are 
large  advertisers  in 
other  ways  con- 
tinue their  news- 
paper advertising 
while  many  others 
use  the  papers  ex- 
clusively. The 
^^^^  popularity    of 

^9^  monthly    bulletins 

has  increased  dur- 
ing the  year  and  there  are  several  new  publications  in  the  field. 
Personal  letters,  monthly  calendars,  and  novelties,  artistic,  quaint 
and  catchy,  on  the  subject  of  signs,  store 
lighting  or  power,  form  the  ba.sis  of  follow- 
up  campaigns  which  are  being  conducted 
by  many  of  the  large  companies,  and  it  is 
here  that  the  greatest  progress  has  l>een 
made.  All  of  these  methods,  assisted  by 
street  car  advertising,  electric  signs,  illu- 
minated bill-boards,  and  folders  enclosed 
with  monthly  bills,  combine  in  making  up 
the  really  aggressive  advertising  of  to-day. 


• 


In  newspaper  advertising,  there  is  often 
the  feeling  that  if  the  advertising  man  had 
his  way  this  money  would  be  spent  on  other 
methods  aimed  more  directly  at  the  desired 
class  of  customers,   but  the  fact  must  be 
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rememliercil  that  newspaper  ad- 
vertising often  accomplishes  a 
double  mission,  for,  aside  from 
its  undoubted  vahie  to  the  com- 
pany, it  establishes  friendly  rela- 
tions with  the  press.  Newspapers 
as  a  rule  are  also  good  consumers, 
even  if  many  small  and  some 
large  ones  do  cling  to  the  old 
fashioned  way  of  trading  adver- 
tising for  tlie  daily  necessities  of 
the  editor  or  of  the  paper.  Of 
course,  no  one,  least  of  all  the 
lighting  company,  can  deny 
that  light  and  power  are  neces- 
sities, so  it  frequently  happens 
that  considerable  space  is  used 
for  the  purpose  of  working  out 
bills.  For  this  reason,  news- 
paper advertising  is  often  done 
half  heartedly  and  without 
proper  consideration,  where,  if 
due  attention  were  given  it,  it 
would  easily  prove  of  greater 
value  to  the  company  than  the 
light  or  power  furnished. 

In  preparing  newspaper  adver- 
tisements, consider  : 

Mrst,  the  branch  of  your  busi- 
ness to  be  advertised.  If  you 
desire  to  aid  any  specific  cam- 
paign, such  as  residence  light- 
ing, fans,  etc.,  devote  the  space 
to  the  subject.  Make  your  ad- 
vertisements appeal  to  the  great- 
est possible  number  of  people, 
which  ordinarily  means  a  talk  on 
household  necessities.  L,iniited 
classes,  such  as  manufacturers 
or    professional     men,    can     be 
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The  Pioneer  Electric  Bulletin 


Monthly  Bulletins,  touching  on  elec- 
trical subjects  of  genera]  and  local  interest, 
have  grown  in  favor,  ami  there  are  now 
nine  well  established  publications  which 
have  come  to  yonr  reporter's  notice.  The 
Edison  Bulletin  of  the  New  York  Com- 
pany, the  pioneer  in  the  electrical  field  ; 
the  Brooklyn  Edison  of  the  Brooklyn 
Company  ;  The  Electric  City  of  the 
Chicago  Company  and  The  Edison  Light 
of  the  Boston  Company,  have  all  been  con- 
tinued and  have  grown  in  size  and  value. 
On  April  i,  1904,  the  United  Electric  Light 
and  Power  Company  of  Baltimore  issued  for 
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the  first  time  their  Notes  on  Electric  Ser- 
vice. On  July  1,  1904,  the  Public  Service 
Corporation  of  New  Jersey  followed  suit 
with  Eight  and  Power  "devoted  to  elec- 
tricity, the  world  in  general  and  New  Jersey 
in  particular."  This  bulletin  has  grown 
from  a  pamphlet  of  eight  to  one  of  sixteen 
pages  and  frotu  an  issue  of  five  thousand  to 
one  of  over  ten  thousand  each  month.  This 
was  followed  on  October  i,  1904,  by  Cur- 
rent Talk  published  by  the  Buffalo  Gen- 
eral Electric  Company.  On  November  1 , 
1904,  by  The  Illuminator  published  by 
the  Clevetaiid  Electric  Illuminating  Com- 
pany, and  recently  by  Electric  Eight  and 
Power  published    by    the    Union    Electric 

Light  and  Power  Company  of  St.  Louis.  All  of  these  publications 
are  alike  educational  in  character,  dealing  with  electrical  matters  of 
general  and  local  interest,  reproducing  photographs  of  attractive 
lighting  effects  obtained  by  customers  and  of  noteworthy  power 
installations,  and  bringing  out  prominently  the  fact  that  centra] 
station  service  is  used  in  all  important  buildings,  the  owners  findhig 
it  cheaper  and  more  satisfactory  than  the  generation  of  their  own 
current. 


ft 
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Bulletins  are  sent  to  users  of  current  as  well  as  to  prospective 
Users,  and  afford  a  very  satisfactory  means  of  conimniiicaiiou  be- 
tween the  company  and  its  customer.  At  the  same  time,  the 
examples  of  lighting,  power,  etc.,  shown  are  object  lessons  to 
possible  customers  who  are  thus  kept  informed  of  the  advance  in 
electricity  and  of  its  special  features  as  found  locally. 

The  Electric  City  which  is  published  in  larger  form  than 
any  of  the  other  bulletins,  while  bringing  out  all  the  pcjints  covered 
by  the  others,  makes  a  specialty  of  cartoons  and  devotes  considerable 
space  to  humorous  articles.  In  this  way,  interest  is  kept  up  and 
the  paper  enlivened. 

Notes  on  Electric  Service  is  devoted  to  a  special  topic  each 
month  ;  in  this  it  differs  from  the  other  bulletins. 

Some  companies  issuing  bulletins  have  adopted  the  plan  of 
publishing  advertising  lists  of  reputable  wiring  contractors,  manu- 
facturers of  motors,  signs,  etc.,  on  the  back  cover,  thus  furnishing 
prospective  customers  with  information  as  to  where  to  go  for  wiring 
or  apparatus. 

Nearly  all  of  the  companies  publishing  bulletins  consider  them 
the  most  important  feature  of  their  advertising.  In  this  connec- 
tion, Mr.  Williams,  of  the  New 
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*•.,  k*<  l«»a  <u«t  m4  ilrl.  Uarftf  »rw4sclt4  k  ilckfttr  »U  %*\\*t 
t\%**  »t  »«rkt  Bsd  S*i«t4in«4  •  «*r«  ••ktlarr  »«4  Vff  t*kik  ««a41llc* 
IB  tk*  kkftkk^f.    Vk  Invktittalk*  <lk«  fkikllkk*r  klkttrlt  ^v*t 
IkkMklkllf  Uk  tktifllaklaklkri  tni  Ukrka«Ur  tkttik  Ualklllii« 
•Wki  ft*41««  ^kktf  t^k  tkk  kk«Ua  ffkvlkvalr.  M«  k«»  Mrk  Ukk  filCt- 
ria<  klU  Uk  kkkkllk,  u«  IMUTM  <•'  Uk  ••*!»••  aattkra 
•karlkki  kk*  »>k*«lkMl  U>  U*  Mt<i<k  tM4klk«  •(. 

•kit  tkkrkitr>iii. 

An  Example  of  Good  Advertising 


York  Edison  Company,  says: 
"The  Bulletin  is  the  first 
and  probably  the  best  in  that 
it  says  just  what  we  want  to 
say  and  to  the  people  whom 
we  want  to  reach — the  im- 
portant building  owners,  the 
operators  of  private  plants, 
the  architects,  builders,  and 
all  others  who  are  prospective- 
ly interested  in  our  sen-ice.  It 
enables  us  to  show  the  variety 
of  the  service  that  can  be  ob- 
tained from  our  mains.  It 
suggests  the  enormous  re- 
sources of  the  company,  and 
to  the  one  most  important  class 
of  our  cu.stomers.  the  large 
users,  it  contradicts  the  state- 
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Adiftrihing  Noveliies  Used  by  Several  Companies  in  Follow-Up  Catn^ansn^ 
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a  person  in  authority  will  always  commaiui  attention.  The  topic 
.should  be  presented  briefly,  clearly,  and  as  a  business  proposition. 
Several  of  the  follow-up  letter  campaigns  include  letter.s  from  differ- 
ent officers  of  the  conrpany,  each  succeeding  one  coming  from  a 
little  higher  up  in  the  official  scale,  th as  leading  the  prospective 
customer  to  believe  that  the  entire  stafT  of  the  company  is  intere.sted 
ill  getting  his  business.  These  contain  a  personal  touch  and  the 
several  names  signed  add  weight.  Testimonial  letters  are  also  used 
effectively  as  part  of  the  follow-up  campaign,  and  some  reproduced 
on  the  writer's  ownletter  head  are  valuable  as  showing  what  others 
think  of  your  service.  This  method  finds  greater  favor  with  many 
companies  than  that  of  reproducing  a  nuniijcr  of  testimonials  in 
pamphlet  form,  for  a  single  letter  is  much  more  ajit  to  receive 
attention. 

Novelties 

There  has  probably  been  no  greater  development  during  the 
past  year  in  any  branch  of  advertising  than  in  the  follow-up  cam- 
paigns which  include  the 
use  of  novelties.  Their 
use  has  become  justly 
popular  for  they  opeti  a 
field  of  unlimited  possi- 
bilities where  the  imag- 
ination of  the  advertising 
man  comes  into  full 
play. 

Novelties  are  usually 
itl  the  form  of  mailing 
cards,  booklets  of  unique 
design,  or  of  folders, 
and  are  used  as  ati  aux- 
iliary to  the  heart  of  the 
c<mi[>ai2n — the  circular 
letter.  Illustrations 
showing  a  few  of  the 
best  examples  submitted 
are  reproduced.  It  is 
unfortunate  that  the 
text  of  these  cannot  be 
given. 


^^.ECTRlc    Clfy 
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tO>*Of< 

fUCTIIIC     IlLUHINATIlia    e««M<l* 

O'     8*OOHLTN 

Oawwi  om*«.  IflkM*  ■w4w<»f 

•IK»KI>M.  Httt  iroa«  Icrcb  ttk.  liM. 

last  furaitur*  CoftpMj, 

•r»9>l|>a,  %.   T. 

ti  ftfcf4  fiBt  fct«r0  fros  yfl«  ftf  j*t   la  r«e»r9  to  aar  Fropobitiaa  to 
a'fplf  r°'  aitk  aa  iltotrle  al(>  aa4   laatall   It  oa  roar  yxaaiau  (laelal- 
lac  airud   r-»«  at  enarja.' 

At  tfci  lie*   ih*i  tbks  propoaltloD  nil  ta  apaa  to  BrookLya  kualctaa 
■ta  ta  ltalt><,   If  ;o«  'attrt  to  taka  a^vaataet  thartof  It  »Vi\\  ta 
attriaitla  ti  lit  «t  ttar  rroa  jav  oa  ii>i  aatjiat  aitkoat  lalaf .     7111  out 
tfat  tixlaaif  poit-eari  aoA  our  ripraaaatatlva  alll   «a||  aad  aapplj  yav 
•  lilt  n>i7  eiiii)  at  t)ia  attjaet. 

Tba  T«ciBl   rilaatloa  la  ratall   ralaa  for  llactrla  Ll|Mlaf  haa  io* 
aroaaa*  ta«  ooit  of  o;cntis(  llaoirlo  31|iia  \j  tnr  ta  to  SO  par  ooct. 

4a  a:i  oikl  laatl  aifa  ma  14  ItaauliaeaBi   las^a  aaj  no«  M  11* 
laalaati<  for  aa  loi  La  n«i  oiota  pir  kaur- 

TM  ttll  actarllttaaal   it  Ikt  «a<  ttlall  atlracta  Htt  attiatlaa  ta 
jear  (laoi  ;f  taaictaa.     *a  altotrio  al(a  foat  jaat  tkat      laaKta  It 
•tea  taaa  uA  t*  of-t»-<att  arrtaraaaa  t«  a^  latatlkoliMEi.     (aa«r«4t 
iaar  alraaf;  takia  Ld>aaii>ea  of  w«  Mtaoa  Co'a  lltiral  aiem  affar 
•aa  tra  mm  s)(itti7  tsraiot  Ikolr  aa*oa  icto  tka  patUo  alai       Tka/  t»w% 
a  prOfrttiKo  rraaiiiioa  oa  tka  rtat  ta  aaoctaa. 

t*  jii  nra  It  jaiB^ 

fair  tnU  7«ara, 


-t^yts^'.^ 


Calendars 

Public  Service,  so  far  as 
the  writer  knows,  is  the 
only  company  using 
monthly  calendars.  These 
are  part  of  the  electric 
power  follow-up  campaign, 
and,  being  small  and  at- 
tractively lithographed  in 
colors,  have  been  well  re- 
ceived. 

The  calendar,  as  a  nov- 
elty, has  a  decided  advan- 
tage over  others,  in  that 
it  may  be  made  equally 
attractive  and  being  a  cal- 
endar, is  more  apt  to  be 
presented.  Concealed  in 
each  device  is  a  small  cir- 
cular telling  of  the  merits 
of  electric  power  and  the 
benefits  derived. 


(e) 


Street  Car  Advertising 

I  have  been  unable  to  find  much  interest 
among  station  managers  in  street  car  advertising, 
and  as  this  means  of  publicity  has  always  been 
popular  with  other  advertisers,  its  limited  use  must 
be  due  to  its  expense.  The  Minueapolis  General 
Electric  Company  reports  that  it  has  advertised 
in  the  cars  to  a  limited  extent  but  with  considera- 
ble success.  This  method  has  also  been  success- 
fully employed  by  Public  SerNHce. 


Electric   Sifi^ns 

So  many  companies  are  now  advertising  or  are 
considering  the  possibilities  of  sign  lighting  as  a 
new  and  lucrative  branch  of  their  business  that  it 


lie  Service 
has  used 
for  some 
years  on  all 
its  prin- 
cipal offices  electric 
signs  giving  llie  name 
of  the  c  o  m  p  a  n  y. 
These,  however,  are 
now  being  supplanted 
by  permanent  signs  of 
changeable  letters  with  which 
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office,  and  electric  companies  would  do  well  to  fol- 
low the  lead  of  many  of  the  gas  compauies  who 
devote  considerable  space  to  the  display  of  apn 
paratus. 

In  this  connection  it  is  interesting  to  note  that 
the  Chicago  Edison  Company  is  still  successfully 
using  its  movable  electric  cottage,  although  it 
reports  that  it  will  proVmbly  be  given  up  soon  on 
account  of  its  having  become  so  well  known  to  the 
residents  of  Cliicago  that  it  has  lost  much  of  its 
original  drawing  power. 

lu  the  expenditure  of  an  advertising  appro- 
priation, the  results  attained  are  what  count.  The 
advertising  department  must  be  inseparably  linked 
to  the  soliciting  department  or  the  campaign  is 
bound  to  fail.  In  other  words,  judicious  advertis- 
ing plus  salesmanship  will  accomplish  definite 
results.  Thousands  of  dollars  have  been  thrown 
away  by  electric  companies  in  injudicious  adver- 
tising.      Modern   advertising  methods  bring    the 

salesman  in  touch  with  the 
prospective  customer. 

In  the  foregoing  descrip- 
tion, I  have  attempted  to 
indicate  the  forms  which 
successful  electric  adver- 
tising takes  without  going 
into  results  and  in  taking 
up  this  all  important  part 
of  the  subject  am  obliged 
to  use  the  facts  and  fig- 
ures with  which  I  am 
familiar. 


Lt{^fc;gl|rtrt.  Dww 


IsltCD.  ■•■«.,  Iprll  It,   19M. 

I.  *.  aiiCMti. 

nt  MtjiM  «f  lUotrla  pmar  U  ait  au  to  M  trikt<«  iicktljr. 
ntkiT  ka  lUtlrK  actor  (ovK  b<  ■  e^et  tusj  \c  /far. >u tea**  «r  tt 
Mall  aat. 

\t  ■  Htor  ■oatl  oava  aasi?  ror  joM--ir  It  a^aiU  flta  raa  tka 
■a«ta>  ar  rieratfOaar  of  lOffyt  y»«ar  tbat  yat  iiii4  at  a  l««ir  coat 
tar  )>0Taa;3<ar.  au  illata  rifsraa  ia--tiiac  ja*  o^Kt  la  Imas  tt. 

for  a?  am  ;arl  ika  aeeaasr  of  fla4trioitT  la  trariac  eacMitai? 
la  ruia.     that  tt  cattral-       I  *aa  »<  j'iit  tit.  >i  aaiaa  aiaar-'jait 
■tati  ua  atti&e  <<a«a  la. 

I  KM*  fraa  nraattaal  tayarlaaat  Jaat  h««  aaoli  it  eiata  t« 
■aaafastari  ra>ir  k/  laa  rarlaiia  ntthaaa.     1  kaoa  man  t^•  laaka  art, 
vtiara  a^  tiaatrio  antsr  atoyi  ihaa- 

Of  (aaraa  reu  oaaeot  ka  lapMio  to  aat  ttlaea  aa  I  <•. 
rn  ara  frotitljr  aol  aa  alaaa  U  taa  toa-ar  ;rakla«  aa  I  ■•••jaar 
tatlcaaa  it  tiffinal-     Ivt  I  hata  a  tipriaattatif i  alio  la  a  tkarai^kij 
ojjart  foaar  aaa,  t:<a  I  aa  agr<  It  as-jld  ta  a«ttt  your  abilt  \a  talk 
•lia  kia  aa  tka  aatja«t. 

1  «eal<  ta  e^aa  to  kaia  hla  nil  oa  roa  if  in  ar>  •llUac.  ai>< 
•BCloira  ralar*  poatal  tor  roar  aaataajaua  la  aauag  aa  an'iataaat. 
tatr  t™i7  jovra. 


\]  iJvra.  J 


0'a«r*2   :i»p«riGt»afflgt.. 


Some  Denver  Gas  and  Electric  Company's  Novelties 

tinct  campaigns  were  outlined  for  electric  power,  electric  signs 
and  residence  lighting.  Old  mailing  lists  were  carefully  revised 
by  the  solicitors  in  the  various  districts  and  the  new  campaign 
opened    with    small    but    workable    lists    for    each    department. 
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street  Car  Card 

Light  and  Pmver,  the   monthly   bulletin,  was  made   the   basis  of 
all  of  these  campaigns  ;  in  other  words,  not  only  prospective  cus- 
tomers but  present  customers  received  this  publication,  as  it  cou- 
fttantly  kept  them  in  touch  with  the  new  things  in  the  electrical 
field.      A  series  of   circulars,   booklets,    and   mailing   cards,  were 
devised  and  every  pros|)ective  customer  received  one  of  these  at 
least  once  in  two  weeks.     The  facsimile  letters 
carried  the  signature  of  the  local  agent  and  with 
every  piece  of  printed  matter  there  was  always 
enclosed  a  return  post-card  ;  sometimes  stamped, 
sometimes    not,    and    ujwu    several    occasions, 
stamped   envelopes    were    used   to   stimulate   a 
reply.    From  time  to  time,  the  new  ideas  brought 
in   by  the   .solicitors   were   incorporated  in  this 
literature  and  it  was  the  constant  endeavor  of 
the  advertising  department  to  keep  all  of  these 
devices  and  letters   up   to   date.      At  first,  the 
sales  department  were  very  luke  warm  over  the 
advertising  proposition,  believing  that  it  would 
rob  them  of  some  of  llieir  glory,  but  as  the  cam- 
paign progres.sed  from  week  to  week,  the  .solici- 
tors began  to  realize  that  this  advertising  was 
materially  aiding  them  in  their   work,   thereby 
proving  a  direct  benefit.    This  campaign  covered 
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cities  anrl  towns  of  varied 
population,  but  the  pro- 
portionate results  attained 
s  h  o  w  t:  d  that  advertising 
conducted  in  the  proper 
channels  was  as  productive 
of  results  in  the  town  of 
five  thousand  as  in  the 
city  of  three  hutidred  thou- 
sand population. 

A  comparison  of  the  new 
business  secured  in  Public 
Service  territory  in  1903 
and  1904,  will  show  the 
efficiency  of  the  new  plan 
as  outlined. 

In  1903,  35  electric  signs 
were  installed  throughout 
the  Jersey  territory. 

In  1904  through  direct 
advertising  and  aggressive 
salesmanship,  452  signs 
were  installed,  over  twelve 
times  as  many.     In  expla-  ■»*•" 

nation  of  these  figures,   however,  it  was  not  until   1904  that  the 
company  commenced  to  give  free  signs. 


rirct  Ikativ,  *.  J. 

tana*  th»  fur  IIM,  la  Tiikll*  ttrrlci  \tn\\»rt .  *i«r 
t.MiO  1.  t-  t*  Utitric  ««(»(•,  Ml  lHi4ii«i      TMt  lunnt  t«  iiM(. 
If  tlftit  hiu4r><  ><31  •■titftat  tirat  »■  ta»r4k(tl  ut-pit  i\  a  kIc- 
icita  ««at. 

•»  btlliic  ta*l  ba<  fen  laekil  tat*  Itt  tiitjMt  lui  rtar, 
jrn  mmlt  ao«  ta  «tutll;  piMiM  *>lk  1h<  riaalia. 

iflvr  lBT*ctl(»tlLr  tb«  tit«tvt1QB,  jog  cftB'l   fall  to  »«• 
tlwt  Uia  a»ti,aM«4  uai  af  uf  atktr  r«i>tc  la  (-tfiatv  tu  ptasi-ata* 
aaa  p«iia4  rcallali  paliaj. 

Slaetritivt  la  U«  tm*f  ef  th«  ftaatai.     If  kalil^  uA 
*rAff  1B«,  oat  BOIor  atll  raa  a«r  saabar  of  vachlaaa  or  afpli^Dsaa. 
4  airt'ct  saaAaetfd  actor  -  aliara  It'a  bob  lo  praetioatia  -*  Ja.  tlia 
a<at  of  parfaetiw  ta  rr>tr.     Sltatr  oeoBflta  llltlo  •;><«,  aakaa 
aa  aatflB  >a4  ii  raatf/  for  aora  oa  tba  laaiaxt.  ttaua  aoosoftlalAC  1» 
apaoa.   i^bor  abB  ti^« 

*^afi*l  JOB  thtaa  aael)  a  rrD^oaitloa  vorth  Ico'itii^  ifato. 
Baraeiallf  aa  *a  aall  a«tora  at  coat  aat  fiaa  jon  th<  Biriac- 

Par  rapraiaatalifa,  aa  raaalpt  of  Iba  Molo«a4  faat  earl, 
MM  \*  flaataa  >»  fo  crar  tAa  aabjaat  aM  coaaiear  joar  apaolal 
oia<i      lla  aatimtaa  aiu  B«at  jtoa  aathkbf. 
laara  truljr. 


9mwi.^.Z^ 


for  Home.  Store  or  Factory. 
Ready  in  an  instant.  Cut 
off  when  not  needed. 

Electric  Oefartment. 
public  service- 


Sireet  Car  Card 
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In  1904.  4,895  horst;  power  m  motors 
were  installed. 

During  the  same  period  7,203  new  cus- 
tomers were  added  ;  2,183  arc  lights  installed, 
as  were  also  170. 141  sixteen  candle  power 
incandescent  lights. 

In  considering  these  several  methods  of 
modern  advertising,  it  should  be  rememhered 
that  all  .successful  efforts  have-  been  and  al- 
ways must  be  continuous  to  be  effective  and 
that  any  campaign  (no  matter  how  niodestj 
should  be  laid  out  in  advance  and.  continued 
to  a  successful  end.  If  the  amount  obtain- 
able for  adveriisitig  is  sraaU,  start  in  a  small 
way.  but  keep  it  up — watch  it,  nurse,  and 
get  the  most  for  your  expenditure.  Small 
drops  of  water  will  undoubtedly  wear  away 
a  stone  but  it  necessarily  takes  time.  Con- 
sider your  subject  and  select  yonr  copy  care- 
fully, prepare  it  thoughtfully,  and  if  in  the 
newspapers  change  it  often,  but  keep  to  the 
point  and  "time  will  tell."  If  you  decide 
upon  the  foUow-up  campaign,  remember  that 
the  road  to  success  lies  almost  as  much  in  the 
preparation  of  mailing  lists  as  in  the  advertis- 
ing itself,  for  carelessly  prepared  lists  are 
expensive  and  are  often  the  cause  of  good 
advertising  proving  ineffectual.  It  is  better 
to  have  a  small  growing  list  llian  a  large  dead 
one.  After  a  prospective  customer  has  once 
been  placed  tipon  the  list,  his  name  should 
be  kept  there  until  he  is  dead  or  gone  out  of 
business.  That  man  is  always  a  possible  con- 
sumer of  electricity.  No  inducement  could 
get  him  to  sign  a  contract  to-day.  but  six 
months  from  to-day  conditions  may  have 
radically  changed  and  he  may  be  very  glad 
to  become  a  customer  of  the  lighting  company. 
"  Keeping  everlastingly  at  it  brings  success," 
is  the  trade-mark  of  one  of  the  prominent 
eastern  advertising  agencies.     This  motto  can 
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The  President:  We  will  now  have  the  report  on  sign  and 
decorative  lighting,  by  Mr.  LaRue  \^redenburgh,  of  Boston. 

Mr.  Vredenburgh  not  being  present,  the  report  was  read 
by  Mr.  C.  W.  Lee.  of  Newark,  N.  J. 


SIGN  AND  DECORATIVE  LIGHTING 


Your  reporter  desires  to  consider  the  subject  of  Sign  and 
Decorative  Lighting  from  an  entirely  practical  and  matter-of-fact 
point  of  view,  presenting  what  must  be  designated  as  more  of  a 
paper  on  the  subject  than  a  report  embodying  data  obtained  from 
member  companies  of  the  association. 

The  reports  on  this  subject  submitted  at  the  conventions  of 
1903  and  1904  were  so  carefully  and  ably  prepared,  so  handsomely 
and  profusely  illustrated,  and  altogether  so  artistic  and  exhaustive, 
that  your  present  reporter  despaired  of  being  able  to  follow  along 
similar  lines  without  being  hopelessly  distanced  by  his  pacemaker, 
and,  consequently,  with  the  entire  absence  of  illustrations,  will 
endeavor  to  deal  with  the  subject  from  the  standpoint  of  the  light- 
ing company,  that  soulless  entity  which  looks  at  all  things  through 
commercial  glasses  and  prizes  all  undertakings  in  exact  propor- 
tion to  their  money-making  capabilities.  In  other  words,  your 
reporter  desires  in  this  paper  to  avoid  entirely  the  artistic  and 
aesthetic,  and  to  deal  with  the  subject  of  sign  and  decorative  light- 
ing from  its  purely  commercial  side. 

It  is  undoubtedly  a  safe  assumption  that  the  business  world 
recognizes  the  increased  drawing  force  of  an  illuminated  sign  over 
a  plain  one,  not  only  on  account  of  the  additional  hours  of  its 
usefulness,  but  also  on  account  of  the  attractive  eflicacy  of  light. 
With  this  assumption  granted,  the  central  station  desiring  to  in- 
crease the  number  of  its  sign  customers  has  a  good  proportion  of 
its  work  already  accomplished,  for  there  is  no  need  of  entering 
into  an  argument  to  establish  the  superiority  of  its  commodity. 
The  only  thing  necessary  for  the  salesman  to  do  is  to  convince 
the  prospective  customer  that  an  electric  sign  on  his  place  of  busi« 
ness  will  add  to  its  attractiveness  sufficiently  to  justify  the  neces- 
sary outlay,  and  by  '"attractiveness"  is  meant  power  to  attract 
and  hold  custon^ers.  This  power  to  attract  may  consist  of  a  va- 
riety of  attributes.  Some  business  houses  attract  solely  by  the 
quality  of  the  goods  offered;  others  by  tlie  beauty  of  their 
decorations  or  the  artistic  nature  of  their  display;  others  by  the 
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convenience  of  their  location ;  others  by  courteousness  and  con- 
sideration of  the  wants  and  wishes  of  their  customers ;  others  by 
their  prompt  delivery  of  goods  and  the  reasonableness  of  their 
prices. 

The  chief  power  of  such  attributes  is  to  hold  customers  after 
they  have  been  secured.  The  enterprising  merchant,  however, 
is  not  satistied  with  simply  holding  his  own;  ht"  must  be  Con- 
tinually adding  to  his  own  or  retrogression  follows.  Hence  there 
is  a  constant  and  ever  increasing  demand  for  methods,  the  use 
of  wliich  will  bring  new  trade,  and  liere  opens  the  limitless  field 
of  advertising  with  its  numberless  methods  and  inexhaustible 
means.  It  is  desired  here,  however^  to  consider  only  the  value  of 
electric  signs  and  decorations,  and  these  not  so  much  as  adver- 
tising mediums  as  important  features  of  a  central-station  demand. 

There  can  be  no  question  of  the  increasing  demand  for  and 
appreciation  of  the  electric  sign.  A  comparison  of  the  present 
appearance  of  the  streets  of  any  city  in  the  country  with  their 
appearance  a  few  years  ago  emphatically  attests  the  public  appre- 
ciation of  electric  light,  not  only  in  signs,  but  also  in  window 
decorations  and  in  genera]  illumination.  One  of  the  large  light- 
ing comfwnies  has  more  than  trebled  the  number  oE  its  sign  cus- 
tomers during  the  last  year  and  a  half,  another  has  increased  its 
sign  business  thirty-three  and  a  third  per  cent  within  a  year,  hav- 
ing added  about  six  hundred  signs  of  all  sizes.  Tliis  company 
has  adopted  the  policy  of  supplying  and  installing  signs  free  of 
charge  under  contract,  provided  the  customer  will  agree  to  keep 
the  sign  a  certain  length  of  time  and  burn  it  cither  fixed  hours 
or  a  certain  stipulated  amount  as  governed  by  a  minimum  bill. 
In  most  of  the  signs  so  put  out  by  the  company  referred  to  4-cp 
lamps  are  used,  although  in  some  cases  2-cp  lamps  are  used,  and 
in  a  few  lamps  of  larger  candle-power  are  installed.  The  con- 
sensus of  c^inion  seems  to  be  that  4-cp  lamps  are  the  best  for 
general  sign  illumination.  In  most  of  the  larger  cities  the  ma 
jority  of  signs  burn  until  midnight,  but  some  of  the  companies 
have  a  ten  o'clock  switching  hour,  and  most  of  the  signs  that 
burn  upon  meter  do  not  average  as  late  as  ten  o'clock. 

One  thing  that  has  acted  as  a  decided  handicap  to  the  intro 
duction  of  electric  signs  in  many  cities  and  towns  is  the  restric- 
tion placed  by  ordinance  on  tlie  size  and  position  of  signs.     In 
many  cases  they  are  prohibited  from  projecting  more  than  two 
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feet  from  the  building  line.  In  general,  these  ordinances  were 
enacted  before  the  value  of  electric  signs  to  the  municipality  itself 
was  fully  realized,  A  little  properly  directed  effort  on  the  part 
of  the  lighting  companies  will  undoubtedly  lend  to  the  correc- 
tion of  this  condition,  as  the  benefit  accruing  to  any  town  from 
ihc  added  illumination  of  its  streets  by  means  of  signs  is  so  self- 
evJdent  that  but  little  argument  is  necessary.  A  revision  of  the 
antiquated  ordinances  regarding  signs  has  been  accomplished  in 
Chicago;  there  is  still  a  restriction  as  to  size,  and  a  license  of  a 
certain  amount  [>er  si|uare  ftxit  is  levied  annually  to  provide  for  a 
rigid  inspection  of  hanging,  ct  ccctera.  .\  certain  minimum  number 
crf  lamps  is  also  required,  in  order  to  prevent  anyone's  putting- 
up  an  immense  board  sign  with  just  enough  lamps  installed  for 
it  to  be  called  an  electric  sign.  The  ordinance  also  requires  that 
the  lamps  shall  bum  until  at  least  half  after  nine  every  evening, 
so  as  to  insure  the  municipality's  receiving  the  benefit  of  the 
illumination.  There  ts  no  doubt  that  a  large  number  of  the  cities 
and  towns  in  this  country  could  be  induced  to  enact  similar  or- 
dinances. It  would  certainly  be  the  means  of  making  the  cities 
much  more  attractive,  and  would  give  the  lighting  companies  a 
greatly  augmented  revenue. 

The  methott  pursued  by  one  of  the  large  companies  last  year 
was  a  persistent  and  systematic  advertising  campaign  by  means 
of  letters,  folilers,  mailing  cards,  booklets,  return  postal  cards  and 
enclosed  stamped  envelopes,  sent  to  a  selected  mailing  list 
secured  by  a  thorough  house-to-house  canvass,  including 
all  retail  merchants  in  all  lines  of  business  whose  stores 
were  sufficiently  pretentious  to  possess  a  plate-glass 
window.  This  campaign  last  year  resulted  in  more 
than  doubling  the  number  of  sign  customers.  The  com- 
pany rcfLTred  to  supplies  4-cp  lamps  lor  signs  only.  The  above 
result  was  obtained  in  a  city  where  an  ordinance  restricts  the  pro- 
jection of  signs  to  two  feet  from  the  sidewalk  line,  consequently 
most  of  the  signs  in.stalled  are  cither  vertical  or  flat  against  the 
face  of  the  building.  Most  of  the  large  companies  use  electric 
signs  for  their  own  advertising,  thus  proving  their  faith  in  what 
they  recommend  to  others;  the  effect  of  this  is  undoubtedly  in 
the  right  direction. 

The  rather  large  initial  cost  of  electric  signs  has  always  mili- 
tated against  their  use,  but  recently  manufacturers  have  been  di- 
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recting  their  energies  to  the  reduction  of  this  first  cost,  with  the 
result  that  some  very  effective  signs  are  now  on  the  market  which 
may  be  purchased  at  a  very  reasonable  cost.  One  of  the  recent 
improvements  is  the  thermostat  control,  by  means  of  which  a  sigr 
is  flashed  without  the  use  of  a  flashing  switch.  Tliis  is  only  prac- 
ticable, of  course,  on  comparatively  small  signs,  mostly  for  in- 
terior use. 

In  some  cases,  as  mentioned  bc-fore,  the  lighting  companies 
furnish  and  install  signs  free  of  charge,  these,  of  course,  of  some 
standard  make  and  tyjx' ;  in  otiiers  the  customers  are  required  to 
pay  for  same  in  sjnall  monthly  instalments.  This  can  undoubtedly 
be  done  at  a  profit  to  the  company,  as  signs  are  usually  burned  for 
long  hours;  and  while  part  of  this  is  on  the  peak  of  the  load,  a 
good  proportion  of  it  is  at  a  desirable  time,  and  companies  should 
bear  in  mind  that  every  sign  installed  is  a  distinct  and  cinpliatic 
advertisement  of  their  business.  Many  comm4:idities  purchased 
by  the  public  arc  taken  away  and  used  at  home,  or  in  otlitr  places 
where  no  one  but  the  possessor  sees  them,  but  the  electric  sign  is 
meant  for  purposes  of  display  and  advertisement,  and  not  only  ad- 
vertises the  owners,  fnit  also  the  maker  of  the  sign  and  the  com- 
pany that  furnishes  the  electricity. 

One  of  the  larger  compjanies  (and  possibly  others)  has  placed 
the  sign  business  in  the  hands  of  one  man,  who  is  especially  quali- 
fied by  experience  and  study  to  handle  this  branch  of  the  business. 
The  great  majority  of  mercliants  when  considering  the  subject 
are  completely  at  a  loss  as  to  what  size  and  style  of  sign  to  adopt, 
and  invariably  consult  the  lighting  company  for  advice  in  the 
matter  An  expert  should  be  able  to  advise  the  prospective  sign 
customer  in  all  matters  of  detail,  and  as  the  conditions  are  so 
varied  and  the  possibilities  so  unlimited,  judicious  advice  from 
such  a  source  is  of  great  value  to  both  customer  anrl  company. 
No  effort  should  be  spared  to  insure  the  customer's  insiailing  the 
most  efficient  and  most  economical  sign,  It  can  readily  be  seen 
that  there  is  an  opportunity  for  the  exercise  of  a  great  deal  of 
ingenuity  and  good  judgmt^nt  in  planning  or  selecting  a  suitable 
sign.  The  candle-power  of  the  lamps  installed  should  depend  upon 
the  location  of  the  sign,  whether  same  is  intended  for  long-dis- 
tance exposure,  for  interior  use,  or  in  narrow  streets  low  down 
on  buildings,  where  from  the  nature  of  the  surroundings  the  sign 
may  be  seen  hut  at  a  comparatively  short  distance. 
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So  many  matters  of  detail  must  be  considered  that  the  adop- 
tion of  any  stajidard  type  and  style  of  signs  is  practically  impos- 
sible. The  lighting  companies  are  naturally  inclined,  to  encourage 
the  use  of  exposed  lamp  signs,  as  these  consume  the  greatest 
amount  of  current ;  but  there  are  a  number  of  other  types  of  signs 
that  are  much  less  expensive  to  construct  and  also  to  operate,  such 
as  ilUiininated  bnanls,  transparencies,  el  ctctera.  The  value  of  a 
satisfied  customer  as  a  medium  of  advertising  is  universally  recog- 
nized, and  it  is  much  better  to  equip  a  small  customer  with  an 
inexpensive  sign,  which  he  can  operate  at  a  moderate  cost  and 
continue  to  operate  for  an  extended  period,  than  to  persuade  him 
to  install  an  expensive  one,  the  maintenance  of  which  is  more 
costly  than  the  size  and  nature  of  liis  business  would  justify,  for 
such  an  experience  would  naturally  tend  to  prejudice  him  against 
the  use  of  signs  in  general. 

The  subject  of  window  lighting  might  justly  be  considered 
under  this  heading,  as  the  conspicuous  illumination  of  a  show  win- 
dow has  a  distinct  value  apart  from  simply  displaying  the  goods 
therein  contained,  for  the  well-lighted  window  attracts  almost  as 
much  attention  as  a  brilliant  sign,  and  is  the  primar}'  inducement 
tending  to  further  investigation  by  stinudating  curiosity.  One 
notable  case  exists  where  a  large  store  window  is  most  strikingly 
illun\inated  with  no  goods  displayed,  nothing  but  cards  and  pla- 
cards intimating  what  beautiful  and  attractive  goods  may  be  seen 
within.  This  might  not  prove  ahogether  satisfactory  as  a  perma- 
nent arrangement,  but  as  a  temporary  change  should  prove  effec- 
tive, and  might  induce  persons  to  enter  in  order  to  satisfy  a  curi- 
osity which,  were  the  gtxKis  in  the  window,  would  be  satisfied 
without  entering  the  store.  Of  course  the  main  thing  is  to  per- 
suade p>cople  to  come  in — after  that  the  salesman  must  do  the  rest. 
The  Boston  Pldison  Company  has  installed  in  its  exhibition  rooms 
a  sample  show  window  with  five  different  schemes  of  lighting, 
iHu.strating  the  effect  of  concealed  lamps,  reflector  lamps,  over- 
head lighting,  side  lighting,  Meridian  lamps  and  various  combina- 
tions of  the  above-named  methods ;  this  has  undoubtedly  been  of 
service  to  customers  in  determining  upon  what  method  to  adopt, 
and  to  the  company's  salesmen  in  advising  customers  along  this 
line. 

As  to  decorative  lighting,  while  all  light  is  inherently  deco- 
rative, there  is  no  artificial  illuminant  that  lends  itself  so  readily 
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to  ornamental  and  decorative  effects  as  does  electricity.  In  fact, 
this  is  limited  only  by  human  ingenuity,  and  the  improvements  dur- 
ing the  last  few  years  along  the  line  of  handsome  and  artistic 
electric  fixtures  have  been  most  marked.  The  possibilities  along  the 
liae  of  extensive  out-door  decorative  eflfects  by  means  of  electric 
lights  have  been  most  satisfactorily  demonstrated  at  the  various 
expositions  held  in  this  country  during  recent  years.  Probably 
the  most  effective  and  interesting  display  of  this  sort  was  made 
at  the  Pan-American  Exposition  at  Buffalo.  Conditions  were 
particularly  favorable  there,  and  were  taken  advantage  of  to  the 
fullest  extent.  Local  out-door  decorations  in  various  cities  do  not 
appeal  very  strongly  to  the  lighting  companies,  on  account  of  their 
excessive  demand  for  but  a  brief  period,  occurritig  usually  at  the 
time  of  the  heavy  normal  load.  They  are,  however,  of  value  to 
the  companies  in  opening  the  eyes  of  the  public  to  the  possibilities 
along  this  line.  There  is  probably  no  system  that  lends  it.'^elf  so 
readily  to  this  kind  of  work  as  what  is  known  as  the  "Eblight" 
system,  but  its  rather  excessive  first  cost  militates  against  its  gen- 
eral use.  This  system  is  adapted  equally  well  to  interior  decora- 
tions,, and  as  this  kind  of  work  is  something  for  which  there  is 
more  or  less  of  a  constant  demand  the  lighting  companies  may 
well  afford  to  give  the  subject  careful  attention,  The  "Miniature 
Decorative  Lamp  sets"  gotten  up  by  the  General  Electric  Com- 
pany are  admirably  adapted  to  a  great  variety  of  interior  decora- 
tion, especially  to  Christmas  trees. 

Another  field  that  shows  quite  a  promising  crop  for  lighting 
companies  is  the  illumination  of  bill-boards.  These  are  generatl) 
controlled  by  advertising  concerns,  who  are  beginning  to  appre- 
ciate the  increased  value  of  their  space  when  properly  illuminated. 
TTiis  is  also  appreciated  by  the  advertisers,  for  they  realize  that 
the  illumination  of  a  sign-board  adds  about  five  hours  each  day 
to  its  usefulness,  and  they  are  willing  to  pay  for  these  five  hours. 
Some  of  the  lighting  companies  whose  lines  extend  through  coun- 
try districts  in  reaching  suburban  towns  are  beginning  to  light  the 
large  bill-boards  displayed  along  railroads  and  highways.  This 
should  be  profitable  lighting  wherever  the  boards  are  within  a 
reasonable  distance  of  the  company's  lines. 

Another  type  of  sign  which  appeals  strongly  to  the  general 
advertiser  is  the  so-called  "talking  sign."  This  sign,  although 
quite  expensive  to  in!?tall  and  only  adapted  to  use  in  larger  cities,. 
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is  of  such  versatility  and  attractiveness,  enabling  the  user  to  pre- 
sent such  varied  and  extended  arguments,  that  it  should  prove  a 
profitable  investment.  The  lighting  companies  can  not  afford  to 
overloc^  or  neglect  that  branch  of  the  business  covered  by  sigfn 
and  decorative  lighting,  for  it  has  already  assumed  decided  promi- 
nence and  its  future  is  almost  unlimited.  This  is  an  advertising 
age,  and  the  newer  and  more  progressive  methods  are  eagerly 
sought  and  adopted. 

Respectfully  submitted, 

LaRue  Vredenbukgh. 


Mr.  Lee  tlien  read  his  paper  entitled  !'rcc  Signs  and  Flat 
Rates,  as  follows : 

FREE  SIGNS  AND  FLAT  RATES 

Publicity  i»  the  commercial  watchword  of  to-day.  1'hrough 
clivers  chamiels  millions  of  dollars  are  annually  being  pourt-d  in 
an  effort  to  rcaL-h  the  buying  public.  That  these  efforts  are  pro- 
ductive of  results  can  not  be  gainsaid.  The  various  methods  fol- 
lowed in  the  outlay  of  this  vast  expenditure  can  be  suinmed  up 
in  the  one  word — advertising. 

By  the  united  efforts  of  publisher  and  advertising  agent  tlie 
merchant  and  the  manufacturer  have  been  educated  into  spending 
a  certain  percentage  of  their  gross  income  for  publicity.  Lighting 
companies  should  be  deeply  interested  in  and  be  an  aid  to  the 
development  of  this  wonderful  field  of  advertising,  because  of  the 
outlet  it  offers  for  the  sale  of  current,  which  they  can  readily  pro- 
duce after  the  present  peak  hour. 

While  it  is  my  desire  to  consider  only  one  phase  of  the  adver- 
tising subject — that  which  relates  to  the  possibilities  presented  In 
the  use  of  electric  signs  as  a  means  of  obtaining  long-hour  cus- 
tomers— yet  the  entire  field  when  properly  developed,  as  it  can  be, 
means  an  added  stimulus  to  window  lighting  and  closely  in  its 
wake  will  come  increased  store  lighting. 

In  the  development  of  electric  lighting  numerous  new  dif- 
ficulties are  constantly  being  presented,  while  but  few  of  the  old 
ones  have  been  left  behind.  Of  these  accumulated  troubles  the 
majority,  in  one  way  or  another,  apply  to  that  bugbear  of  all 
lighting  companies,  the  peak  hour.  Try  as  we  may,  none  of  us 
has  succeeded  in  persuading  one-half  of  the  public  to  use  current 
during  the  day  while  the  other  half  uses  it  at  night.  True,  the 
development  of  the  electric  motor  and  the  inventitJU  of  numerous 
current-using  devices  have  had  a  direct  bearing  upon  making  the 
station  load  more  uniform,  but  at  best  they  have  only  helped  out 
during  daylight,  leaving  the  hours  of  darkness  still  to  be  taken 
care  of. 

As  it  is  impossible  to  induce  the  use  of  current  when  it  is  not 
needed,  and  as  we  are  now  supplying  the  present  wants  of  our 
customers,  it  remains  for  the  central-station  managers  to  discover 
new  needs  and  educate  the  public  to  accept  them.  Current  for 
illuminating  purposes  does  not  present  the  proper  outlet,  for  this 
business  is  already  ours,  but  the  great  field  of  advertising  with 
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its  limitless  possibilities  offers  many  attractions.  Here  is  long- 
hour  burning  vvitfi  the  hardest  of  the  missionary  work  already 
dune.  The  manufacturer  and  the  merchant  are  ready  and  vvilHng' 
to  spend  money  for  advertisinij,  but  the  hghting  companies,  with 
a  few  exceptions,  are  receiving  but  an  infinitesimal  share  of  the 
apprupriations. 

Neither  the  great  general  advertiser  nor  the  small  store- 
ktcptr  should  be  overlooked  in  an  ai^gressive  sign  campaign  :  one 
has  billboards  to  illuminate,  the  other  a  store  front.  By  the  intro- 
duction of  aggressive  methods  electric  companies  can  fill  the  night 
world  with  light.  Why  not  seize  upon  this  field?  Tackle  it  with 
vigor.  Give  signs  away,  or,  rather,  loan  them  to  your  customers. 
Don't  use  half-hearted  methods  and  try  to  sell  them  because  of  the 
fear  of  possible  losses  in  the  lending.  Changeable  and  inter- 
changeal>lc  signs  are  cheap,  and  by  their  universal  use  you  can 
absolutely  prevent  losses. 

I  am  familiar  with  the  methods  of  a  lighting  company,  cover- 
ing a  welJ-pojmlatcd  but  scattered  territory,  which  at  the  begin- 
ning of  1904  had  less  thati  ejo  signs  connected.  This  companv 
adopted  the  free-sign  proposition,  gave  away  two  standard  types 
of  signs,  both  of  which  were  changeable,  and  at  the  begin- 
ning of  1905  had  over  450  connected,  containing  a  total 
of  29,749  four-cp  lamps,  returning  an  annual  revenue 
of  $59,130.48.  This  company  charged  off  the  first  year  the  cost 
of  constructing  signs  of  changeable  ktters.  as  well  as  all  erecting 
and  connecting  cost ;  together  with  20  per  cent  depreciation  on 
the  sign,  5  per  cent  depreciation  on  station,  line,  meter  and  trans- 
former investment.  Charging  the  current  used  at  cost,  with  lamp 
renewals  and  maintenance,  it  earned  from  to  to  50  per  cent  on 
the  investment  for  each  sign  and  its  pro  rata  station  and  line  cost. 

Many  of  these  signs  are  now  on  their  second  year's  burning. 
This  year's  profits  will  be  much  greater,  because  all  constructicm, 
wiring  an<l  erection  items  were  charged  against  the  first  year.  A 
few  customers  were  lost  at  the  expiration  of  their  first  contract, 
several  failed  or  died  after  using  their  signs  for  only  a  few  months, 
but  those  months  paid  part  of  the  cost  of  erection,  and  all  signs 
were  immediately  installed  elsewhere.  Signs  were  put  up  on  one- 
year  contracts,  current  sold  at  rates  averaging  over  ten  cents  per 
kilowatt-hour,  and,  to  insure  a  proper  n$v,  a  monthly  minimum  was 
required  equal  to  about  one  and  a  half  hours'  daily  burning.    This 
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is  not  the  only  company  that  has  worked  for  its  share  of  the  sign 
business.  However,  its  experience  is  typical,  and  the  plan  suc- 
ceeded because  the  promoters  had  faith  in  signs  and  made  it  easy 
for  its  customers  to  obtain  them. 

With  a  view  to  further  increasing  the  sign  business  this 
same  company  has  recently  placed  in  of>eration  a  plan  whereby  the 
greater  portion  of  its  sign  lighting  will  be  entirely  removed  from 
its  peak  during  the  months  when  the  peak  must  be  considered. 
Free  signs  on  a  flat  rate  for  certain  stipulated  hours  each  night  is 
ihe  nucleus  of  this  plan.  The  time  of  switching  on  is  placed  about 
ball  an  hour  after  the  peak  load.  The  turning  on  and  off  of  signs 
is  controlled  by  patrolmen,  who  not  only  attend  to  these  duties  but 
inspect  a!l  signs  as  well  as  solicit  new  business.  It  is  expected 
that,  as  soon  as  this  plan  is  under  full  headway,  the  increased 
business  will  necessitate  the  running  of  special  sign  circuits  from 
tire  station.  In  this  event  the  expense  of  patrolmen  would  be 
eliminated.  Isolated  signs  at  some  distance  from  the  main  streets 
are  controlled  by  time-switches. 

Tlie  Hat  rates  adopted  are  based  upon  current  for  the  first 
two  hours  each  night  at  regular  rates  and  at  a  low  rate  for  every 
hour's  buming  thereafter.  Customers  are  thus  induced  to  con- 
tinue long-hour  burning. 

The  meter  has  been  a  formidable  obstacle  in  the  upbuilding 
of  the  sign  business.  In  most  cities  and  towns  the  early  closing 
movement  is  in  vogue,  and  this  makes  the  flat  rate  welcome,  as 
many  merchants  are  obliged  to  leave  their  .signs  and  windows  in 
darkness  rather  than  go  to  the  expense  of  employing  a  watchman 
to  cut  their  lights  out  at  a  certain  hour. 

The  flat  rate  has  a  particularly  good  effect  on  sign  lighting, 
as  it  insures  use  of  the  sign  six  or  even  seven  nights  a  week,  while 
those  operated  on  a  meter  basis  are  used  only  the  nights  when  the 
store  is  open,  which  is  the  time  when  we  already  have  large  de- 
mands for  our  current. 

Before  the  adoption  of  this  flat-rate  scheilule  it  was  argued 
that  no  customer  would  be  willing  to  contract  for  a  sign  that  could 
not  be  turned  on  during  the  first  half-hour  of  darkness,  but  expe- 
rience has  proven  that  this  question  is  waived  in  many  instances, 
the  specific  rate  overshadowing  this  point.  To  the  customer  who 
desires  the  other  method  the  meter  is  always  available.  Again, 
this  flat  rate  has  been  the  means  of  stimulating  a  large  amount  of 
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sign  business  away  from  the  heart  of  the  retail  district.  It  finds 
tavor  with  the  neighborhood  stores  and  with  business  places  on  the 
back  streets.  Further,  it  has  demonstrated  the  fact  that  an  electric 
sign  as  an  advertising  medium  is  a  pronounced  stimulus  to  trade 
in  the  outlying  districts. 

If  the  flat  rate  is  feasible  for  sign  lighting,  why  not  apply  it 
to  window  lighting  as  well?  As  the  hoiir  of  closing  comes,  the 
average  merchant  turns  the  key  in  the  door  and  leaves  his  entire 
store  in  darkness,  the  very  best  advertising  hours  for  his  wares 
being  thereby  lost.  If  he  could  be  assured  of  a  specific  rate  per 
month  for  the  lighting  of  his  display,  would  not  such  a  rate  be  an 
iiiduccment  to  have  lighted  windows  until  ten,  eleven  or  even 
twelve  o'clock  each  night?  Sunday  window  lighting  could  also 
be  induced  by  this  method.  It  is  strange  that  so  many  merchants 
allow  this,  the  best  advertising  day  in  the  week,  to  slip  by  without 
taking  advantage  of  it.  On  Sunday  evenings,  while  waiting  for 
,  cars  or  strolling  for  pleasure,  people  have  more  opportunity  to 
inspect  windows  than  at  other  times. 

ILLUMINATED  BILLBOARDS 

By  the  large  national  advertisers,  billboards  and  signboards 
arc  now  classed  with  the  newspapers  and  magazines  as  strong 
mediums  for  reaching  the  public  purse.  The  latter  can  be  read 
during  both  daylight  and  night  hours,  but  not  so  the  billboard.  Its 
usefulness  ceases  as  soon  as  the  sun  goes  down,  It  is  through  the 
medium  of  the  lighting  companies  of  the  country  that  these  bill- 
boards can  be  made  to  tell  ihcir  story  by  night  as  well  as  by  day. 
In  treating  this  subject  in  a  general  way  I  am  fully  aware  that  in 
a  few  metropolitan  centres  illuminated  billboards  are  maintained 
to  a  limited  extent. 

Recently,  in  conversation  with  one  of  the  members  of  a  large 
eastern  bill-posting  company,  I  discovered  a  decided  leaning 
toward  the  illuminated  billboard.  There  is  no  question  but  that 
the  National  Bitl-Posters'  Association  would  welcome  a  plan 
whereby  the  efficiency  of  advertising  space  could  be  made  more 
valuable.  In  the  past  they  have  fought  rather  shy  of  this  matter, 
owing  to  the  great  difference  in  the  lighting  rates  prevailing  over 
the  country.  If  there  were  some  means  whereby  this  association 
could  meet  the  National  Bill-Posters'  Association  on  a  fair  footing, 
establishing  a  uniform  li^jhting  rate  for  the  entire  country   (by 
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that  I  do  not  mean  necessarily  a  low  rate),  I  believe  that  it  would 
be  the  means  of  producing  a  splendid  volume  of  new  business  in 
which  all  lighting  companies  would  eventually  participate. 

Advertising  appropriations  are  usually  distributed  through 
advertising  agencies.  Experts  plan  the  campaigns  with  the  ex- 
pectation of  obtaining  certain  results.  Various  mediums  are 
used,  according  to  the  product  to  be  sold.  For  their  services  the 
bill-posting  companies  charge  a  specific  amount  per  foot  for  paint- 
ing, a  specific  amount  for  position,  and  a  specific  rate  per  sheet  for 
posting.  This  rate  is  uniform  throughout  the  United  States.  All 
of  the  details  of  illuminated  billboards  would  fall  upon  the  bill- 
posting  company;  maintenance,  posting  and  collections.  It  would 
then  only  rest  with  the  lighting  companies  to  furnish  current  at  a 
uniform  rate. 

For  instance,  should  the  American  Cereal  Company,  manu- 
facturers of  Quaker  Oats,  desire  to  cover  the  state  of  Colorado 
with  an  illuminated  billboard  campaign,  it  would  only  be  necessary 
to  place  the  order  with  the  Denver  Bill-Posting  Company  for,  say, 
300  boards.  They  would  be  able  to  quote  at  once  a  specific  price 
for  this  service,  and  could  guarantee  location,  posting  and  illu- 
mination, knowing  the  prevailing  rate  for  lighting. 

I  believe  that  this  plan  is  worthy  of  consideration  by  this 
association.  The  advertiser  is  seeking  novelties,  he  has  the  money 
tc  spend,  and  it  only  remains  for  the  lighting  companies  to  come 
forward  with  a  plan  to  be  able  to  secure  their  share  of  the  adver- 
tising appropriations. 

DISCUSSION 

The  President:  We  have  come  West  for  information, 
and  in  declaring  this  subject  open  for  discussion  I  think  Denver 
might  almost  be  said  to  lead  in  the  amount  of  attention  it  has 
given  to  the  development  of  new  business,  through  usual  and 
unusual  advertising  methods,  and  I  would  therefore  ask  Mr. 
John  Craig  Hammond,  axlvertising  manager  of  the  Denver  Gas 
and  Electric  Company,  to  kindly  open  this  discussion  on  the 
general  subject. 

Mr.  Hammo.vo:  There  are  many  different  ways  of  adver- 
tising, as  we  all  know.  For  example,  if  I  were  the  press  agent 
for  the  broncho-busting  contest  that  was  given  this  afternoon, 
I  believe  I  should  carry  out  the  scheme  that  was  suggested  here 
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this  evtring  to  the  efifecl  tliat  notice  be  given  that  the  Humane 
Society  had  decided  to  swear  out  warrants  for  the  men  that  con- 
ducted this  broncho  contest  and  for  those  who  attended  it. 
on  the  ground  of  cruelty  to  animals.  I  heard  one  of  the  men 
interested  in  this  contest  speaking  alwiit  the  possibility  of  arrest, 
and  he  was  badly  scared.  Instead  of  being  frightened.  I  should 
welcome  it.  I  should  like  to  see  the  sheriff  come  up  and  arrest 
the  entire  body — and  be  may  come,  too.  The  idea  of  that  is 
plain  to  all.  The  public  mind  is  of  such  a  nature  that  every 
one  in  Denver  would  be  glad  to  go  to-morrow  to  see  a  contest 
that  was  claimed  to  be  cruel.  Unfortunately,  I  did  not  see  the 
contest  this  afternoon,  but  Mr.  Tuft,  our  humane  agent,  decided 
to  arrest  some  people  for  carrying  on  the  contest.  I  might  say. 
for  the  comfort  of  any  of  those  here  who  have  "cold  feet,"  that 
the  mayor  of  Denver  is  present  and  maybe  he  will  help  them  out 
if  the  officer  does  arrive.  If  the  parlies  interested  would  carr\' 
out  the  idea  of  having  this  organization  arrested  for  attending 
that  contest,  be  would  secure  great  iiublicity  for  his  show  and 
he  would  in  that  way  secure  advertising  that  could  not  be  equaled 
by  an  expenditure  of  thousands  of  dollars. 

That  would  do  for  a  broncho-busting  contest ;  for  an  elec- 
tric-lighting company  it  would  not  do. 

The  Denver  Gas  and  Electric  Company  has  been  one  of  the 
pioneers  in  the  advertising  of  gas  and  electric  appliances.  We 
have  an  exhibit  in  the  rear  of  the  hall  that  tells  its  own  story, 
to  a  certain  extent.  It  dues  not  wholly  tell  its  own  story,  however, 
for  there  are  a  number  of  things  in  the  exhibit  that  would  be 
considered  out  of  place  by  a  man  who  did  not  know  the  local 
condttions.  Not  a  piece  of  literature  has  lieen  issued  that  ha.< 
not  had  a  theory  or  an  idea  back  of  it. 

By  the  way.  theory  is  sometimes  a  bad  thing  in  advertising. 
Advertising  is  a  matter  of  dollars  and  cents,  as  the  men  who 
pay  the  bills  well  understand.  For  instance,  in  our  advertising 
campaign  there  was  a  street-car  car<l  issued  that  related  to  mor- 
monjsm.  When  tliat  car<l  was  put  out  the  subject  of  monuonisni 
was  before  the  public  in  the  daily  press,  and  it  was  an  opportune 
card.  Advertising  must  be  of  a  pertinent  nature,  I  do  not 
mean  to  say  that  a  piece  of  advertising  matter  issued  in  Denver 
will  not  hold  good  in  some  other  city,  but,  at  the  same  time,  local 
conditions  govern  to  a  great  extent :  there  is  no  doubt  about  that. 
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I  heard  a  man  criticize  a  card.  He  said  he  could  not  read  it. 
For  instance,  that  transfer  card — you  from  other  cities,  perhaps, 
would  not  fully  appreciate  that  card.  Here  in  Denver  a  person 
in  the  street  car  will  recoj^nize  it  at  once ;  it  is  a  fac  simUc, 
on  a  large  scale,  of  the  Denver  City  Tramway  Company's  trans- 
fer slip.  The  passengers  on  the  car  notice  it;  they  see  the 
flash  Yme.  We  have  a  line  of  red  at  the  top  that  arouses  their 
curiosity.  They  read  it.  People  have  been  heard  to  say  that 
they  stood  on  their  heads  to  read  it.  It  is  a  good  "ad,"  in  my 
opinion. 

The  subject  of  advertising  is  one  that  necessarily  involves 
considerable  generalization,  but  I  believe  that  the  advertising 
field  is  one  of  even  greater  importance  to  the  plant  than  is  the 
generating  of  more  power.  If  you  have  a  plant  that  will  give 
satisfactory  service  and  take  care  of  the  business  in  a  general 
way,  then  I  believe  you  should  turn  it  into  a  commercial  proposi- 
tion. There  is  only  one  way  in  which  to  do  this,  in  my  opinion, 
and  that  is  by  advertising,  which  has  become  a  science.  Adver- 
tising is  really  in  its  infancy.  There  is  not  a  man  in  the  United 
States  to-day  who  imderstands  it  thoroughly.  We  all  have  our 
own  schemes,  our  own  methods,  and  some  men  may  have  brilliant 
schemes,  and  some  may  not :  but  advertising  of  all  kinds  brings 
in  certain  results. 

As  it  stands  to-day,  advertising  in  the  electric  field  must  be 
followed  by  solicitation — followed  intelligently  and  persistently. 
Without  the  solicitor  a  great  percentage  of  the  advertising  loses 
its  value ;  the  returns  are  reduced  at  an  enormous  rate.  The 
soliciting  department  and  advertising  department  must  work 
hand  in  hand ;  each  depends  up<.iu  the  other.  This  is  the  condi- 
tion now. 

The  great  point  to-day — and  what  we  are  coming  to  in  the 
advertising  field — is  .self-supporting  advertising;  advertising  that 
stands  alone.  This  is  a  thing  that  I  believe  will  come;  and  I 
am  not  a  theorist,  as  I  wish  to  impress  upon  you.  I  do  not 
mean  to  say  that  we  can  do  without  solicitors.  I  mean  that  we 
are  working  toward  a  higher  percentage  of  returns  on  the  adver- 
tising direct.  But  if  we  can  turn  an  electric-light  plant  into  a  com- 
mercial proposition  and  educate  the  people  to  use  more  electric 
current,  we  are  making  that  property  more  valuable  and  increas- 
ing its  earning  power,  and  that  is  what  we  want  to  do.     It  is 
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simply  with  you  all  a  proposition  to  sell  more  current;  how  are 
you   going  to  do  it? 

There  are  different  methods.  I  have  my  own  ideas ;  here 
in  Denver  we  carry  them  out.  We  are  boastful  on  this  one 
point — that  we  do  not  copy  any  other  company.  We  originate 
and  create.  There  has  not  been  a  piece  of  advertising  matter 
sent  out  by  the  local  company  that  has  been  copied  from  other 
companies.  That  is  not  necessarily  a  strong  point  in  its  favor, 
but  we  have  shown  results.  The  motto  of  Denver  some  time 
ago  was  "Forward."  To-day  it  is  "The  City  of  Light."  Mayor 
Speer,  who  is  in  this  room,  is  in  favor  of  "the  city  of  light."  The 
proposition  was  laid  before  him,  he  was  told  the  idea  and  the 
suggestion,  and  it  developed  until  to-day  the  people  of  the  city 
are  in  favor  of  "the  city  of  light." 

I  believe  it  is  possible  to  educate  the  public  to  perceive  that 
while  it  was  dark,  now  it  is  light.  The  human  mind  is  peculiar. 
You  must  know  how  to  do  it.  That  is  good  advertising.  There 
is  one  great  principle  in  advertising — you  must  have  something 
that  is  legitimate ;  you  must  have  a  solid  proposition.  You  can 
not  bunco  the  public ;  you  can  not  fool  it ;  you  can  not  get  it  to 
part  with  its  money  on  the  old  theory  of  saying  that  John  Smith 
was  kicked  in  the  head  by  a  mule,  had  four  teeth  knocked  out, 
took  Dr.  Chamberlain's  cough  syrup  and  was  cured.  That  won't 
go  to-day.  You  must  have  something  legitimate — something  that 
appeals  to  the  public. 

I  should  like  to  suggest  to  the  president  that  the  advertising 
business  is  such  an  extensive  field — and  T  am  sincere  in  think- 
ing it  is  of  vital  importance  to  every  central-station  man — that 
we  might  continue  this  discussion  to-morrow.  Personally,  I 
should  be  glad  to  answer  any  questions;  I  should  be  glad  to 
prepare  a  paper  if  necessary.  I  think  it  is  good  for  the  game. 
I  will  be  honest  with  you.  I  won't  tell  you  all :  I  am  going  to 
keep  some  things  up  my  sleeve,  because  that  helps  me;  but  for 
the  good  of  the  association  I  will  try  to  answer  any  question 
that  is  asked. 

The  President:  My  idea  was  to  take  some  further  time 
to-morrow  for  the  discussion  of  this  subject  if  it  is  not  closed 
to-night.  I  will  give  the  members  an  opportunity  of  asking 
those  participating  in  the  discussion  any  question  they  desire. 
Will  Mr.  Gilchrist  speak  on  the  subject? 
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Mr.  Gilchrist:  Mr.  Chairman  and  gentlemen — I  have  been 
looking  over  Mr.  Hammond's  display  and  the  displays  of  the 
other  companies  that  have  sent  advertising  matter  here,  and  I 
think  it  is  a  liberal  education.  It  seems  to  me,  after  looking  it 
over,  that  Denver  is  a  very  fitting  place  in  which  to  discuss 
this  matter  of  advertising  and  electric  signs,  because  certainly 
Denver,  in  the  matter  of  advertising  done,  the  high  character 
of  it,  and  in  the  development  of  its  electric-sign  business,  is  far 
and  av^^ay  ahead  of  any  of  the  cities  in  the  United  States  that 
have  come  to  my  attention. 

I  believe  that  a  certain  amount  of  money  can  be  wisely  spent 
for  advertising  in  connection  with  the  business-getting  depart- 
ment of  every  company.  I  have  heard  statements  made  by  some 
central-station  managers — generally  in  small  cities,  I  will  admit — 
something  like  this :  "Our  plant  is  there ;  the  people  all  know 
where  we  are,  and  they  know  what  we  have  to  sell.  What  is 
the  good  of  advertising?  If  they  want  light,  let  them  come 
around  and  get  it." 

Even  in  a  small  community  there  is  no  doubt  that  adver- 
tising, although  you  can  not  trace  the  direct  results  at  all  times, 
will  do  good.  The  company  that  I  represent  started  in.  possibly 
five  or  six  years  ago,  to  do  a  little  advertising.  That  has  been 
increased  each  succeeding  year.  We  are  issuing  a  bulletin  with 
the  results  of  which  we  are  entirely  satisfied,  and  we  feel  that 
we  are  warranted  in  spending  for  advertising  probably  one-third 
of  the  entire  amount  that  we  spend  in  getting  business.  We 
have  conducted  during  the  past  year  an  advertising  campaign 
that  was  arranged  for  us  by  the  Bates  Advertising  Company, 
of  New  York,  and  have  watched  the  results  of  it  very  care- 
fully. They  prepared  for  us  a  lot  of  material  that  was  very 
unique,  and  good  in  many  ways.  We  have  kept  a  closely-tabu- 
lated record  of  all  the  returns  that  we  could  trace  directly  to 
it.  and  the  amount  is  very  considerable.  When  we  take  the 
total  cost  of  that  campaign  and  figure  the  direct  results,  our 
cost  per  Iamp"i6-cp  equivalent — obtained  is  high  ;  but  I  have 
a  theory,  and  I  think  it  is  sound,  that  you  are  warranted  in 
spending  a  larger  percentage  for  a  certain  excess  nf  business  that 
will  be  the  direct  result  of  advertising — business  that  otherwise 
you  would  not  get — than  you  would  be  warranted  in  spending 
for  your  entire  business.     For  instance,  we  will  take  the  case 


360 


of  a  station  that  by  the  canvassing  methods — which  we  will 
assume  are  thoroughly  up  to  date  and  about  as  ample  as  the 
territory  will  permit — will  bring  in  an  increase  of  one  hundred 
thousand  i6-cp  lamps  equivalent  per  year,  and  we  will  suppose 
that  it  costs  to  jjet  these  lamps  from  twenty-five  to  thirty 
cents  per  lamp  for  the  expense  of  your  business-getting  depart- 
ment. We  will  assume  that  the  field  has  been  worked  to  the 
absolute  limit.  Now.  if  the  advertising  man  comes  along  and 
shows  you  where  you  can  get  an  extra  twenty-five  thousand 
lamps  in  that  year,  even  at  a  cost  of  one  dollar  per  lamp,  that 
you  can  not  gel  in  any  other  way  excef)t  by  advertising,  I  think 
you  will  all  admit  that  you  are  warranted  in  spending  that  one 
dollar  per  lamp  for  the  extra  twenty-five  thousand  lamps,  because 
in  the  development  of  our  business  time  is  very  much  of  the 
essence.  It  is  not  to  any  man's  credit  or  any  company's  credit 
to  get  an  amount  of  business  in  a  period  of  three  years  that 
might  have  been  obtained  in  a  period  of  one  year;  what  shows 
to  the  credit  of  the  central-station  man  is  the  amount  of  busi- 
ness he  can  get  in  the  shortest  time.  Some  stations  will  pride 
themselves  on  having  in  a  year  obtained  fifty  thousand  lamps. 
Why  not  double  their  energies  and  get  that  fifty  thousand  lamps 
in  six  months  ?  Suppose  we  do  spend  money ;  after  all,  it 
comes  out  of  the  other  fellow.  I  am  thoroughly  in  favor  of 
spending  a  very  considerable  amount  in  advertising.  The  ques- 
tion of  how  much  should  be  s])ent,  as  based  on  your  gross  sales, 
is  the  problem.  I  should  estimate  it  to  run  somewhere  from  two 
to  two  and  one-half  per  cent.  That  would  include  the  entire 
costs  of  getting  the  business  and  the  advertising;  two-thirds 
on  the  soliciting  force  and  one-third  on  advertising. 

The  President:  Is  there  any  representative  from  the 
Boston  Edi.son  Company  who  would  like  to  discuss  this  paper? 

Mr.  Ingalls:  I  should  like  to  ask  Mr,  Hammond,  if  it  is 
not  a  personal  question,  about  what  percentage  of  his  gross 
receipts   is   spent   in   this   advertising   campaign? 

Mr.  Hammonp:  I  can  not  tell  you  that  oflf-hand,  Mr. 
Ingalls.  I  do  not  recall  the  amount.  We  are  rimning  on  a 
month-to-month  basis.  I  could  not  tell  what  the  f)ercentage 
for  the  present  month  is ;  I  shall  be  glad  to  answer  that  ques- 
tion to-morrow. 

Mk.   Ingalls:    I  think  that  is  a  very  interesting  question. 
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because  the  larger  companies  are  probably  spending  a  much 
greater  proportion  of  their  receipts  for  advertising  than  are  the 
smaller  ones,  and  in  our  experience  in  New  Jersey,  where  we 
havir  towns  of  from  nearly  300,000  inliabitants  down  to  2000, 
we  have  adopted  the  same  advertising  methods  straight  through 
the  entire  state,  using  practically  the  same  proportion  of  our 
receipts  in  the  small  towns  that  we  use  in  the  large  towns;  and 
the  results  obtained  in  the  small  places  have  been  just  as  good 
as  the  results  in  the  large  ones. 

Mr.  C.  F.  Hewitt  (St.  Joseph,  Mo.):  I  ask  Mr.  Ham- 
mond if  he  can  tell  us  about  what  percentage  of  increase  in  his 
gross  receipts  his  advertising  has  obtained  for  him  ;  the  approxi- 
mate average.     I  ask  Mr.  Gilchrist  the  same  thing. 

Mr.  Ham.mond:  To  answer  that  question  would  be  a  good 
deal  like  the  statement  of  one  of  our  employees.  He  said  he 
had  increased  his  business  100  per  cent  in  a  week.  We  asked 
him  how  it  was.  and  he  said  he  had  sold  one  sign  that  week 
and  had  not  sold  any  the  week  before.  We  make  out  a  weekly 
report  that  shows  the  number  of  prospects  we  have  at  the  begin- 
ning of  the  current  week  and  the  number  at  the  end.  Our  pros- 
pects, for  example,  at  the  beginning  of  the  week  might  be  1000, 
and  at  the  end  of  the  week  2000.  That  is  on  account  of  the 
representatives  of  the  company  covering  the  town  and  finding 
new  prospects.  We  sold  during  the  week  ending  May  20,  last 
year.  156  appliances;  during  the  corresponding  week  this  year 
we  sold  356.  Our  advertising  appropriation  was  something  like 
12  per  cent  less  than  it  was  the  year  before.  We  show  in  some 
cases  returns  as  high  as  sixty-three  times  the  money  spent.  There 
is  no  one  in  this  room  who  will  doubt  that  it  is  absolutely  phe- 
nominal — sixty-three  times  returns  on  advertising!  I  have  not 
heard  of  that  being  done  before.  I  will  confess  that  it  was  a 
virgin  field  to  the  extent  that  it  had  not  been  worked  hard  and 
was  lying  fallow.  We  went  after  it,  and  produced  that  result. 
On  some  classes  of  advertising  we  average  perhaps  12  per  cent 
in  contracts  closed.  We  have  not  fallen  below  10  per  cent  in 
the  last  five  years  on  any  branch  of  our  advertising. 

Mk.  Gjlchkist:  Mr.  Chairman  and  gentiemen — It  is  ahTiost 
impossible  to  give  an  answer  to  the  question  a.sked  by  Mr, 
Hewitt.  I  would  cite  as  an  illustration — to  throw  a  Httle  light 
on  the  matter — a  jxiint  that  is  a  small  feature  in  our  business, 
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but  demonstrates  the  advantages  to  be  derived  from  advertising. 
In  the  Bates  campaig:n,  of  which  I  spoke,  we  had  a  number  of 
lists.  One  of  these  lists  was  made  up  of  the  residence  customers 
already  on  onr  lines,  to  whom  wc  sent  letters  with  thv  idea  of 
encouraging  them  in  the  use  of  more  electricity.  We  called  their 
attention  to  a  great  many  little  devices  in  the  way  of  portables, 
and  current-consuming  devices  generally,  and  as  the  heating 
apparatus  is  of  a  class  that  appeals  particularly  to  the  house- 
holder and  we  could  describe  it  in  glowing  terms,  we  paid  con- 
siderable attention  to  that.  We  had  done  some  advertising  on 
that  line,  but  very  little,  and  the  solicitors  had  paid  very  little 
attention  to  the  sale  of  heating  devices.  In  this  advertising 
we  named  certain  articles  and  gave  plainly  the  prices  at  which 
they  could  be  purchased,  and  the  result  has  been  that  during  the 
last  three  or  four  months,  when  we  were  advertising,  as  compared 
to  the  corresponding  months  last  year,  when  we  were  not  adver- 
tising, our  sales  of  that  kind  of  apparatus  increased  about  250 
per  cent. 

We  can,  of  course,  trace  a  great  deal  of  lighting  and  power 
business  directly  to  advertising ;  but  we  must  remember  tliat 
there  is  a  well-defined  but  indirect  eflFect  of  the  advertising  on 
the  minds  of  the  prospective  customers,  of  which  the  advertis- 
ing does  not  get  the  direct  credit,  resulting  in  business  that 
is  brought  in  by  the  soliciting  force :  and  when  you  have  a  large 
soliciting  force  on  the  one  hand  and  a  considerable  amount  of 
advertising  going  out  on  tiie  other  hand,  it  is  a  very  difficult 
matter  to  make  comparisons.  I  think  if  the  conditions  of  gen- 
eral prosperity  were  exactly  the  same  one 'year  as  another,  and 
you  advertised  one  year  and  did  not  advertise  the  next  year, 
you  might  make  an  estimate  on  that  basis;  but  we  find  these 
general  conditions  differing  so  from  year  to  year  that  we  are 
thrown  out  in  our  calculations.  We  are  satisfied,  however,  from 
the  little  things  that  come  up — like  the  matter  of  heating  appara- 
tus that  I  have  described — to  continue  with  our  advertising. 

Mr.  Ing.\lls:  It  is  probably  very  difficult  to  determine  just 
what  advertising  and  soliciting  will  do  for  a  company.  As  Mr. 
Gilchrist  has  said,  very  few  companies  advertise  one  year  anil 
give  it  up  the  next.  We  had  an  experience  in  one  of  our  towns 
last  year  where,  owing  to  the  fact  that  our  plant  was  loaded  up 
to  the  muzzle  and  we  could  not  take  anv  more  business,  we  had 
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to  give  up  advertising  for  a  while.-  We  were  under  the  impres- 
sion that  discharging  most  of  our  solicitors  and  giving  up  our 
advertising  would  not  have  a  marked  eflPect  and  that  several 
mouths  would  elapse  before  we  noticed  any  difference  in  the 
business  that  came  in ;  but,  as  a  matter  of  fact,  almost  the  very 
day  that  the  men  were  laid  off  and  the  advertising  stopped  the  new 
business  slowed  up.  It  was  only  a  week  or  two  before  we  saw 
a  very  marked  difference  and  we  practically  did  no  new  busi- 
ness until  we  were  in  shape  to  take  on  more  business  and  began 
soliciting  and  advertising.  I  think  that  illustrates  very  well  the 
condition  of  the  small  town  that  does  no  advertising. 

Mr.  R.  W.  Rollins  (Hartford,  Conn.) :  1  ask  Mr.  Gilchrist 
if  the  bulletin  issued  by  the  Oiicago  Edison  Company  leads  to 
any  beneficial  results. 

Mr.  Gilchrist:  I  can  only  say  in  answer  to  that  question 
about  the  same  that  I  did  in  answer  to  the  other  question.  We 
know  that  our  bulletin  is  thoroughly  appreciated.  As  an  illus- 
tration, I  will  say  that  one  of  our  engineers,  who  is  a  very  able 
man  but  sonietimes  does  not  get  on  to  what  is  going  on  around 
the  office  until  after  it  has  happened,  went  out  to  figure  with  a 
man  on  the  question  of  taking  current.  He  made  certain  state- 
ments to  the  man  and  the  man  came  back  at  him  and  said:  "I 
have  seen  all  that ;  I  read  it  in  your  bulletin  nearly  two  months 
ago,"  and  this  man  went  on  to  tell  our  engineer  what  else  he  saw 
in  the  bulletin.  Wc  find  by  little  matters  that  we  advertise  in 
the  way  of  specialties,  which  we  change  from  time  to  time,  which 
advertisements  immediately  raise  a  demand  for  these  articles, 
that  it  does  attract  a  good  deal  of  attention.  We  issue  most  of 
the  bulletins  through  drug  stores — 35,000  of  the  bulletins — and 
out  of  that  number  we  rarely,  bring  back  more  than  five  per 
cent.  In  many  of  the  drug  stores  they  will  all  be  gone,  and  we 
replenish  the  stock  several  times  during  the  month.  The  drug- 
gists tell  us  that  they  have  many  applications  for  the  paper  long 
before  it  is  out;  that  the  women  and  children,  particularly,  who 
come  into  the  store  will  ask  if  the  new  Electric  City  is  out.  and 
they  will  bother  the  druggist  until  it  does  come  out.  We  are 
getting  applications  from  dozens  of  druggists  asking  us  to  send 
them  copies  of  the  paper  for  distribution. 

Mr.  Hammond:  I  suggest  one  thing  that  will  probably  he 
new  to  Mr.  Gilchrist.    When  I  was  in  Chicago  I  had  something 
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to  do  with  a  publication.  The  drug-store  people  would  send  in, 
and  write  letters,  sayiiit;  tliat  tlie  women  and  children  were 
anxious  to  get  this  publication.  We  were  led  to  believe  that  it 
was  a  raging  success  until  one  day  we  started  an  investigation 
and  found  that  a  large  number  of  these  requests  from  druggists 
for  the  paper  were  l>ecause  they  did  not  have  any  wrapping^ 
paper  and  they  were  using  our  [>ublication  fur  that  purjxjse.  Per- 
haps Mr.  Gilchrist  would  do  well  to  look  into  that  matter. 

Mr.  Gilchkist:  I  should  like  to  say,  for  the  benefit  of  the 
gentleman,  that  no  cjne  would  have  the  affrontery  to  do  up  drug- 
store materials  in  such  a  paper  as  The  Electric  City 

Mr.  Lee:  In  regard  to  new  business  methods,  ihis  spring, 
in  a  territory  we  had  recently  acquired  and  in  which  we  put  into 
effect  our  new  business  methods  and  soliciting,  we  created  more 
new  business  in  a  month's  time  than  was  done  during  the  entire 
year  of  1^04  by  the  company  that  had  the  property  before  we 
bought  it.  This  was  in  New  Jersey.  Nearly  all  the  gentlemeti 
who  have  talked  on  the  subject  are  representatives  of  the  big 
companies — the  companies  that  have  the  exhibit;  but  I  believe 
that  the  central-station  man  in  the  small  town,  with  a  small 
appropriation,  can  get  just  as  good  results  as  the  big  companies 
with  their  large  appropriations.  Jf  you  have  only  $500  to  spend. 
.>pread  it  out;  do  not  spend  it  for  one  booklet  and  send  that  out 
and  then  throw  up  your  hands.  Get  out  five  or  six  pieces  of 
matter,  and  issue  them  two  or  three  weeks  apart.  Follow  up 
the  matter  thoroughly.  I  believe  that  any  company  can  create 
new  business  in  that  way  in  towns  of  10.000,  15.000  or  20,000, 
just  as  well  as  in  cities  like  New  York.  Chicago,  Boston  and 
Denver. 

Mr.  McC.MiF. ;  I  desire  to  ask  the  gentleman  from  New 
Jersey  what  percentage  of  the  gross  income  of  the  company  he 
expends  for  advertising  in  a  city  of  10.000  inhabitants. 

Mr.  Lee;  It  would  be  rather  hard  to  make  that  estimate, 
because  our  plan  uf  campaign  is  rather  large.  We  are  able  to 
buy  better  designs  and  pay  more  money  for  them  by  having  a 
large  advertising  campaign,  covering  a  number  of  dififerent  towns, 
than  could  be  done  in  a  town  of  10.000  inhabitants.  I  should 
say,  however,  that  probably  one-half  of  one  per  cent  would  cover 
it  very  nicely  for  advertising  proper.  That  is,  one-half  of  one 
per  cent  on  the  gross  earnings.    The  large  general  advertisers — 


3^5 


like  Wanamaker — figure  on  about  two  per  cent  of  their  gross 
receipts  for  their  advertising,   I   believe. 

The  Presioent;  Will  Mr.  Williams,  of  New  York,  speak 
on  the  subject? 

Mr.  Williams:  I  do  not  know  that  anything  can  be  added 
to  this  very  interesting  discussion  on  advertising  and  gettuig  new 
business.  We  must  not  lose  sight  of  the  fact  that  all  of  our 
advertising  shoulc!  be  largely  supplemental  to  personal  canvass- 
ing. Both  should  go  hand  in  hand.  Newspapers,  street  cars, 
bulletins,  follow-up  letters,  postal  cards — all  of  these  things 
should  be  at  all  times  so  constructed  and  issued  as  to  follow 
up  most  eflFectively  the  work  of  the  canvassing  department. 
.Advertising  is  a  branch  of  the  canvassing  department,  and  in 
my  opinion  one  without  the  other  is  incomplete.  I  think,  also, 
that  it  is  very  important  to  classify  advertising  matter  carefully 
according  to  the  business  and  to  the  men  who  are  working  in 
the  different  commercial  branches.  We  have  gone  so  far — 
perhaps  too  far — as  to  issue  a  series  of  letters  of  this  separate 
order  to  each  line  of  business  we  can  reach.  We  send  one  kind 
of  letter  to  the  owner  of  a  laundry,  another  kind  to  the  owner 
of  a  butcher  shop.  We  even  solicit  Chinese  laundries.  China- 
men are  among  the  best  customers  that  can  be  found.  We  are 
ourselves  surprised  oftentimes  at  the  extent  to  which  a  very  small 
shop-keeper  can  profitably  u.se  and  pay  for  electric  hght;  three 
or  four  times  as  much  as  has  been  paid  for  gas  will  be  paid 
for  electric  light  in  one  form  or  another. 

I  have  been  greatly  impressed  by  two  things  in  Denver — 
by  a  great  many  things,  in  fact,  but  especially  by  two  things — 
the  extent  to  which  sign  advertising  has  been  developed,  making 
the  city  far  more  beautiful  at  night  than  it  could  be  without 
il — beautiful  as  the  city  is — and  the  extent  to  which  sign  adver- 
tising takes,  not  only  the  conventional  forms  with  which  wu  arc 
all  familiar,  signs  composed  of  letters  and  monograms  and 
made  up  in  panels,  but  outline  work  on  cornices  and  around 
sign  boards,  I  saw  last  night,  in  roaming  about  the  city,  a  sign 
covering  the  entire  side  of  a  building,  perhaps  60  feet  high, 
completely  outlined  by  incandescent  lamps.  1  should  like  very 
much  to  hear  from  the  local  company,  if  practicable,  of  the 
details  of  furnishing  signs  and  this  outline  work;  the  method 
of  charging  an<l  the  terms  made  with  the  public. 
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In  line  with  some  of  the  other  companies,  we  are  furnish- 
ing signs  free  in  certain  sections  of  the  city.  We  do  not  attempt 
to  control  their  use.  We  do  say  what  the  cost  will  be  and 
guarantee  the  cost  provided  the  current  is  used  a  certain  time 
each  day,  one  hour  or  two,  as  the  case  may  be.  The  sign  may 
be  taken  down  as  the  arc  lamp  may  be  taken  down,  when  it 
is  nu  longer  desired,  and  put  in  the  store-roojii,  awaiting  another 
consumer.  Our  panel  signs  have  the  advantage  that  there  is 
no  abnormal  depreciation.  As  the  panel  may  be  clianged  or 
repainted^  the  life  is  not  dependent  upon  the  occupant  of  the 
premises. 

I  think  we  have  not  touched  upon  the  use  of  htgh-g^ade 
reflectors  in  show-windows  elsewhere  to  the  same  extent  that 
one  finds  them  used  in  Denver.  They  seem  to  be  of  very  high 
power,  and  from  small  initial  candle-power  to  give  a  great  deal 
of  light  at  the  bottom  of  the  window,  the.  lamps  being  concealed 
at  the  top.  I  have  not  seen  anywhere  so  much  high-grade 
window  lighting — which  is  a  form  of  advertising — as  in  this 
city,  and  I  do  not  doubt  that  it  would  pay  the  companies  to  give 
special  attention  to  the  development  of  reflectors  of  high  power 
for  window  lighting,  exactly  as  they  give  special  attention  to  sign 
work,  motor  work,  or  any  other  branch  of  their  business. 

The  PREsmENT:  Before  adjourning  for  the  evening.  I 
desire  to  refer  briefly  to  a  matter  set  forth  in  my  address,  namely, 
a  suggestion  made  on  behalf  of  the  Association  of  Licensed 
Manufacturers  of  Incandescent  Lamps,  bearing  on  the  subject 
of  advertising.  We  will  take  up  that  general  subject  the  first 
thing  to-morrow  morning,  when  we  expect  to  hear  from  Mr. 
J.  R.  Crouse,  who  is  chairman  of  the  advertising  committee  of 
that  association. 

(The  meeting  then  adjourned  until  Thursday  morning.) 
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FIFTH  SESSION 

The  meeting  was  called  to  order  at  five  minutes  after  ten  by 
President  Davis,  who  called  upon  Mr.  J.  Robert  Crouse,  of 
Cleveland,  to  open  the  discussion  on  advertising  methods. 

DISCUSSION    ON    ADVERTISING    METHODS 

Mr.  Crouse:  What  I  wish  to  present  to  this  association  is 
perhaps  a  little  different  from  the  papers  that  have  been  presented 
and  discussed.  As  I  am  going  to  read  only  two  pages  from  the 
paper  that  I  have  prepared — which  is  seventeen  pages  long — I 
will  simply  say  that  the  proposition  involves  the  co-operative 
publicity  by  the  manufacturers  of  electrical  apparatus  and  supplies, 
co-operating  directly  with  middle  men  of  all  sorts ;  middle  men 
being  understood  to  include  central  stations,  dealers  and  con- 
tractors. I  undertake  in  this  paper  to  justify  the  proposition  that 
I  present,  which  is  done  on  pages  13  and  14  of  the  paper,  which 
I  will  now  read.  The  proposition  would  involve,  if  carried  out 
as  I  suggest,  the  expenditure  of  about  $287,000  by  the  manufac- 
turers of  apparatus  and  supplies.  As  one  gentleman  said,  that 
sounds  well,  and  is  a  good  thing  if  it  works. 


Mr.  Crouse  read  the  following  paper: 

CO-OPERATIVE  PLAN  OF  LAMP  MANUFAC- 
TURERS FOR  BUSINESS  PROMOTION. 
WITH  A  SUGGESTED   BROADER    PLAN 


The  Association  of  Licensed  Manufacturers  of  Incandescent 
Lamps,  acting  favorably  on  the  recommendation  of  its  advertising 
cuniniittee,  has  appropriated  the  sum  of  $10,000  for  the  purpose 
of  effectively  co-operating  with  the  central  lighting  stations  of 
ihe  country  for  the  increased  use,  and  in  consequence  sale,  of 
incandescent  lamps. 

Our  present  plans  contemplate  its  expenditure  in  two  ways: 

First — To  he  helpful  in  stimulating  central  stations  along 
advertising  and  new  husiness  !ines,  which  have  been  so  abjy 
treated  in  your  past  conventions. 

Second — To  assume  the  cost  of  the  preparation  of  an  effect- 
ive and  comprehensive  plan  of  advertising  and  soliciting,  which 
in  consequence  could  be  furnished  by  some  central  bureau  or 
advertising  agency  at  a  very  low  cost. 

The  above  hastily  sketched  plan  lacks  completeness  in  one 
thing,  for  which  this  fund  was  insufficient ;  namely,  an  advertising 
campaign  in  a  carefully  selected  list  of  periodicals  and  majj:azines 
reaching  the  wealthy  and  the  well-to-do,  emphasizing  by  facts 
and  illustrations  the  many  advantages  of  electric  lighting. 

We  ask  your  association  to  appoint  a  committee  of  three  of 
your  members,  representing  central  stations  respectively  in  cities 
of  approximately  10,000,  100.000  and  500,000  population,  or  over, 
with  whom  we  may  discuss  our  plans  in  detail  and  advise  from 
time  to  time. 

One  idea,  in  conclusion,  which  the  insufficiency  of  our  appro- 
priation has  forced  upon  our  attention : 

This  $10,000  appropriated  by  the  lamp  interests  of  the 
country  represents  a  trifle  less  than  one-fifth  of  one  per  ceni 
of  the  annual  lamp  sales,  and  we  believe  the  results  will  fully 
justify  tlie  outlay.  A  gain  of  one  per  cent  over  the  natural 
growth  of  the  business  would  call  for  400,000  lamps. 

This  means  for  the  other  manufacturers,  as  a  result  of  vour 
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co-operation  with  us,  more  boilers,  engines,  generators,  trans- 
formers, switchboards,  and  so  forth. 

A  vigorous  and  carefully  cuiiducled  campaign  of  advertising 
in  a  carefully  selected  list  of  periodicals  and  magazines,  which  we 
contemplated  and  believe  would  bring  good  returns,  is  more  of  a 
proposition  than  the  lamp  manufacturers  alone  could  reasonably 
be  expected  to  carry.  It  is  a  proposition,  however,  that  is  easily 
within  roach  of  the  electrical  industries  generally  at  a  reasonable 
cost  through  co-operation. 

The  sales  of  electrical  apparatus  and  supplies  in  1904,  exclu- 
sive of  telephones  and  telegraph  apparatus  and  supplies,  were 
conservatively  placed  at  $143,500,000.  If  a  corresponding  appro- 
priation of  one-fifth  of  one  per  cent  should  be  made  on  this 
amount  by  the  various  electrical  manufacturers,  it  would  make 
a  business  generator  and  "booster'"  with  a  potential  energy  of 
$287,000.  Such  a  fund,  handled  through  what  might  be  called 
a  bureau  of  electrical  information,  we  believe  would  render  it 
possible,  through  suitable  publications  by  means  of  explanations 
and  illustrations  of  generating  apparatus  and  devices,  to  make  a 
matter  of  common  knowledge  and  desire  the  many  applications 
of  electricity,  from  curling  irons  to  electric  locomotives. 

To  reduce  this  proposition  to  simple  terms,  an  increase  of 
1.34  per  cent  in  volume  over  the  natural  growth  of  the  business 
would  mean  about  $1,913,333.  If  this  added  vokune  were  to 
yield  a  profit  of  15  per  cent,  it  would  cover  the  appropriation  of 
$287,000. 

We  believe  this  scheme  is  not  impossible  of  accomplishment 
and  that  it  is  charged  with  tremendous  possibilities  for  increasing 
the  business. 

We.  as  manufacturers  of  incandescent  lamps,  having  consid- 
ered the  subject  in  a  small  way,  should  be  pleased  to  co-operate 
with  a  committee  from  your  association  for  its  further  considera- 
tion and  for  conferences  with  other  manufacturers. 
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Mr.  Crouse:  That,  T  think,  gives  the  gist  of  the  paper.  I 
have  undertaken  to  present,  so  far  as  possible,  the  feasibility  of 
working  out  the  scheme.  If  this  interests  the  manufacturers  on 
one  hand,  as  calling  for  a  considerable  appropriation,  and  on  the 
other  hand  will  serve  the  central  stations,  I  consider  the  paper 
will  have  served  its  purpose.    I  have  suggested,  in  the  conclusion 
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of  the  paper,  that  any  one  who  can  give  ideas  along  this  Hne  be 
good  enough  to  communicate  with  me.  It  is  my  purpose  to  take 
ihis  up  further  with  the  manufacturers  of  electrical  apparatus  and 
supplies,  to  see  what  can  be  done  with  the  idea. 

I  may  say  that  the  lamp  manufacturers  have  contributed 
a  fund  of  $10,000  for  a  similar  purpose,  to  co-operate  with 
the  central  stations  to  introduce  the  use  of  incandescent 
lamps  more  largely.  If  the  other  manufacturers  of  electrical 
apparatus  will  come  up  with  the  coin  as  well  as  the  lamp  manu- 
facturers have  done,  it  will  create  the  fund  that  is  the  title  of  my 
paper. 

The  President  :  In  regard  to  the  suggestions  made  by  Mr. 
Grouse,  it  is  more  than  likely  that  when  the  report  of  the  com- 
mittee on  the  president's  address  comes  before  us  action  may  be 
taken  looking  to  the  appointment  by  the  new  president  of  a 
committee  to  work  on  the  lines  suggested  by  Mr.  Grouse.  We 
all  appreciate  more  and  more  the  necessity  of  advertising  to 
increase  our  business.  It  seems  to  me  that  it  is  one  of  the  most 
practical  subjects  with  which  we  have  to  deal  and  is  of  great  and 
growing  importance. 

I  have  been  asked  to  draw  the  line  in  the  discussion  this  morn- 
ing, if  I  can.  so  that  it  may  relate  to  experiences  in  advertising 
for  new  business  in  places  from  about  7000  to  15,000  population. 
I  mean  by  that,  plants  that  are  not  connected  with  any  large 
company,  but  are  operated  separately  in  cities  of  about  the  popula- 
tions mentioned.  If  there  is  any  gentleman  here  who  has  had  any 
experience  in  advertising  and  other  business-getting  methods 
applving  to  plants  of  that  size,  I  should  like  to  have  him  address 
the  meeting. 

Mr.  L.  E.  W.^tson  (Kearney,  Neb.) :  I  am  a  representative 
of  one  of  the  small  lighting  plants,  and,  like  the  gentleman  from 
New  Jersey — I  believe  it  was — who  said  he  had  used  advertising 
methods  until  he  was  able  to  load  up  the  plant,  as  he  expressed 
it,  clear  to  the  muzzle,  I  want  to  get  at  the  best  means  of  adver- 
ti.sing  small  plants.  My  advertising  methods  have  been  small, 
but  rather  unique  in  the  way  I  went  at  them.  I  was  up  against 
a  very  stiff  competition  with  the  gas  plant,  and  had  taken  charge 
of  a  rather  run-down  electric-light  plant.  I  made  personal  solici- 
tation of  a  majority  of  the  business  people  of  the  town,  and 
directed  personal  letters  to  them.    Another  scheme  was,  on  par- 
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ticular  days — such  as  holidays,  particularly  on  New  Year's  day — 
to  send  a  letter  to  each  one  of  our  customers  and  prospective 
customers,  the  letter  properly  dated,  and  addressed — to  Mrs. 
John  Smith,  we  will  say — having  the  appearance  of  a  wedding 
invitation,  or  something  of  the  kind,  gotten  up  as  neatly  as  pos- 
sible, setting  forth  some  little  thing  that  we  had  put  forward  in 
connection  with  our  business. 

One  thing,  which  I  think  brought  us  more  business  than  any- 
thing else,  was  the  decoration  of  my  office  with  ferns  and  other 
plants.  As  you  all  know,  it  is  an  impossible  th'mg  to  raise  plants 
indoors  where  they  bum  gas  of  the  average  quality  produced  in 
the  small  cities.  The  average  housewife,  and  the  average  woman, 
is  a  great  lover  of  such  things,  and  I  was  able  by  cutting  out  all 
gas  from  the  offices  to  have  a  beautiful  display  of  ferns  and  other 
plants.  That  attracted  a  great  deal  of  attention,  and  in  a  very 
short  time  I  had  very  beneticial  results  from  it, 

Mr.  L.  W.  E.merick  (Fulton,  N.  Y.)  :  Whatever  problems 
we  may  have  in  our  business,  we  have  one  iti  common,  ami  that  is 
getting  new  business.  Primarily,  that  is  my  reason  for  being  here, 
and  I  hope  to  profit  by  the  experience  of  other  people  along  this 
line.  I  am  interested  in  Ihc  subject  the  president  mentioned — 
getting  business  for  small  plants  in  towns  of  12,000  to  15.000 
pi7pulation.  I  listened  with  close  attention  to  the  gentlemen  who 
spoke  here  so  entertainingly  and  authoritatively  last  night,  but 
could  not  help  feeling  that  one  feature  of  the  problem  was  not 
touched  on  at  length,  and  that  is  the  small  plant. 

For  the  sake  of  an  example,  we  will  assume  that  I  have  a 
plant  in  a  town  of  15,000  inhabitants,  a  good  modern  plant,  our 
.service  of  24  hours  and  of  good  quality;  there  is  a  field,  but  we 
can  not  get  all  the  business  we  ought  to  have.  Business  comes 
in  slowly  and  steadily,  but  not  so  fast  as  we  want  it  or  so  fast  as 
it  should  come  in.  I  drink  I  speak  for  others  in  the  same  class, 
that  we  should  appreciate  some  suggestions  from  those  who  speak 
with  authority,  from  experience,  as  to  what  lines  we  shoidd  follow 
to  get  this  business.  We  are  necessarily  limited  in  funds  in  many 
cases,  and  it  would  not  be  possible  to  spend  as  large  a  percentage 
of  our  gross  earnings  as  was  mentioned  last  night.  .'Vdvcrtisinj^ 
in  a  small  way  costs  relatively  more  than  it  does  on  a  large  scale. 
I  should  appreciate  the  value  of  any  suggestions  as  to  what  lines 
should  he  followed  •,  personal  canvassing,  newspaper  advertisingf, 
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circulars,  letters,  and  other  ways.  Such  work  as  I  have  done  has 
been  taken  from  the  busy  hours  of  my  other  duties,  but  tie  regular 

advertising  campaig^n  has  been  conducted,  through  lack  of  time. 
It  has  been  intermittent,  and  with  indifferent  results.  We  are  in 
such  shape  now,  however,  that  we  can  give  some  time  and  money 
to  the  question  of  advertising. 

Mk.  R.  E.  Allen  (Walla  Walla,  Wash.) :  The  question  of 
getting  new  business  has  been  one  of  paramount  importance  in 
our  locality,  inasmuch  as  we  have  just  completed  a  plant  that  has 
a  capacity  three  times  tlie  demand  of  the  community.  When  the 
plant  was  bought  last  year  by  the  present  company,  the  electric 
part  of  it  was  heavily  overloaded  and  the  only  avenue  for  business 
was  through  the  gas  department.  I  made  a  campaign  through  the 
newspapers  for  two  reasons :  one  was  that  I  wanted  the  friendship 
of  the  newspapers  in  the  community,  and  the  other  was  that  I 
could  better  reach  in  that  way  the  people  who  would  be  particu- 
larly interested.  I  started  out  by  taking  a  full  page  in  each  paper 
each  week,  and  after  two  months*  advertising  our  gross  output 
had  increased  40  per  cent  over  that  of  the  same  month  of  the 
year  before.  This  year  our  output,  since  the  first  of  January,  in 
the  gas  de]>artment  has  been  not  less  than  55  per  cent  more  than 
during  any  month  of  the  same  period  last  year. 

I  have  particularly  directed  my  attention  to  the  matter  of 
small  motor  business.  There  are  no  manufacturing  interests  in 
the  town,  consequently  we  can  get  no  large  power  business ;  but 
I  have  thnnigh  suggestion,  which  I  think  influences  a  great 
many  people,  secured  all  the  power  business  in  the  town  with  the 
e.xception  of  four  plants — two  breweries,  one  planing  mill,  which 
has  to  use  steam  in  order  to  dispose  of  its  refuse,  and  a  laundry. 

I  had  a  peculiar  experience  a  few  days  ago  with  the 
Oregi'jn  Railway  and  Navigation  Company,  who  had  dug 
a  well  and  placed  an  order  for  a  gasolene  engine  and 
pump.  I  learned  of  this  after  the  order  had  been  placed, 
and  wrote  to  the  general  superintendent  of  the  road  in 
Portland,  outlining  what  could  be  done  with  electric  p<:)wer. 
He  referred  the  letter  to  his  assistant,  who  telegraphed  me 
to  know  if  I  could  meet  him  at  the  train  and  explain  the 
advantages  of  electric  power  over  gasolene,  if  any.  I  met 
the  assistant  superintendent,  and  after  talking  with  him  influ- 
enced him  to  cancel  his  order  for  the  gfasolene  engine  and  pump 
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and  to  place  an  order  with  us  for  an  electric  motor.  A  few 
days  after  that  1  received  a  telephone  message  from  the  agent 
of  Fairbanks,  Morse  and  Company,  in  Portland,  asking  what  I 
meant  by  knocking  them  out  of  the  business.  They  said,  "We 
had  this  order."  I  answered,  "No  doubt  that  is  disappointing  to 
you,  Mr.  Parker,  but  we  need  the  money  and  we  can  not  afford 
to  let  a  gasolene  man  come  in  with  gasolene  engines  while  we 
have  this  surplus  power."  I  sold  a  small  motor  and  gave  them  a 
flat  rate  of  $60  per  horse-power  per  year,  which  I  consider  was 
good  business. 

I  think  there  is  one  thing  that  has  great  influence  on  small 
power  customers  in  small  towns,  and  that  is  telling  them  what 
their  neighbors  are  doing.  As  you  know,  in  small  places  every- 
body knows  what  everybody  else  is  doing.  When  I  see  a  pros- 
pective customer  I  make  it  a  point  to  give  him  a  list  of  the  present 
users  of  power  and  the  results  they  are  obtaining  every  day, 
and  I  have  found  that  except  in  very  few  cases  the  manufacturer 
can  be  influenced  tov^ard  electric  power.  He  sees  some  one  else 
using  electric  power,  and  he  finds  out  what  they  are  paying  for 
it.  He  finds  that  his  neighbor  is  using  the  power  and  getting 
good  results  at  small  cost,  and  you  then  have  very  little  trouble 
in  securing  his  order  for  a  motor. 

Mr.  James  I.  Ayer  (Boston)  r  This  discussion  on  advertising 
has  brought  to  my  mind  a  good  deal  of  experience  that  has  come 
to  me  in  the  course  of  my  contact  with  central  stations  and  through 
reports  from  central  stations  that  have  undertaken  advertising 
campaigns  that  were  not  successful,  and  in  all  my  recollections  of 
such  cases  I  think  the  causes  of  failure  were  evident.  If  the 
newspaper  work  brought  unsatisfactory  results,  it  was  due  to  the 
fact  that  in  their  enthusiasm  they  jumped  in  and  took  a  large 
amount  of  space.  They  started  without  any  definite  plan  of 
campaign.  They  thought  they  would  try  the  field  and  see  what 
it  produced.  It  is  ill-advised  to  undertake  newspaper  advertising 
in  that  way;  it  is  not  wortli  while  to  spend  money  on  printer's 
ink  unless  you  are  sure  you  are  going  to  be  able  to  follow  it  up. 
In  handling  advertising  of  that  character,  you  should  plan  out 
a  campaign  for  a  period  of  not  less  than  a  year.  The  method 
of  placing  the  advertising  in  your  local  papers  should  be  seri- 
ously considered,  and  you  should  be  careful  to  see  that  there  is 
fresh  reading  matter  in  every  issue,  if  possible.     It  is  a  difficult 
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thing  for  a  busy  station  man  to  attend  personally  to  the  details 
of  advertising  and  do  it  well.  The  trade  papers  and  bulletins 
of  the  large  companies  are  available,  and  out  of  the  bulletins 
you  can  find  sufficient  matter,  which  you  can  clip,  to  keep  your 
advertisements  in  the  local  papers  fresh,  and  this  keeps  the 
public  mind  active  and  directed  to  your  business  with  very  little 
efifort.  You  can  in  a  short  time  lay  out  two  months'  adver- 
tising from  a  half  dozen  issues  of  such  papers  as  1  have  men- 
tioned. The  average  station  manager  is  too  much  occupied  with 
the  other  duties  of  his  position  to  be  able  to  give  the  amount 
of  time  that  is  really  necessary  to  the  matter  of  advertising 
except  in  some  such  manner  as  suggested. 

One  of  the  gentlemen  referred  to  the  matter  of  making  your 
office  an  advertising  room.  That  is  well  exemplified  here  in 
Denver,  but.  on  a  relatively  small  scale,  it  may  be  done  in  every 
community  where  there  is  a  lighting  plant.  It  is  perfectly  prac- 
ticable, and  certainly  worth  the  rent,  for  you  to  occupy  a  store 
or  location  that  is  as  good  as  that  of  any  merchant  in  town.  If 
it  is  not  perhaps  as  important  as  some  of  them,  it  should  be 
central,  and  you  can  make  it  very  attractive  by  using  the  products 
and  materials  that  suggest  themselves  for  your  advertising  cam- 
paign. Attractive  methods  of  showing  up  the  office  by  electricity 
at  night  is  a  strong  advertising  feature.  The  office  should  be 
easy  to  get  into ;  it  should  be  on  the  street  level ;  and  if  only  a 
small  office  you  should  display  there  the  stepping  stones  to  thp 
business,  such  as  sewing-machine  motors,  portables,  and  so  forth. 
To  a  great  extent  it  is  perfectly  possible  for  every  station  man- 
ager to  do  these  two  things,  and  there  is  no  doubt  but  that  if 
you  will  be  conservative  and  plan  out  an  idea  for  your  newspaj>er 
advertising,  as  suggested,  you  will  find  it  wonderfully  remunera- 
tive. 

There  is  no  doubt  in  the  world  that  if  you  spend  two  or 
three  hundred  dollars  in  three  months  in  a  town  of  10,000  people 
in  newspaper  advertising — or  even  half  of  it — you  will  be  dis- 
appointed with  your  results  and  will  give  it  up,  That  is  the 
usual  result.  The  goods  that  are  to  be  displayed  in  connection  with 
your  office  should  be  arranged  in  such  a  manner  as  to  present 
the  best  display  possible  and  also  keep  the  articles  in  salable  con- 
dition. All  small  samples,  such  as  portables,  fan  motors,  heat- 
ing apparatus,  and  so  forth,  should  be  kept,  if  practicable,  under 
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glass.  If  they  are  kept  in  a  sliow-case  they  will  be  protected 
and  will  be  presentable.  When  customers  are  shown  goods  and 
conclude  to  try  something,  you  should  deliver  the  article  that 
you  show  them ;  in  otlier  words,  even  if  you  carry  a  stock  of 
goods,  it  is  better  to  give  them  the  sample  and  take  the  article 
out  of  stock  for  your  show-case.  It  keeps  your  samples  fresh 
and  your  exhibition  in  good  shape. 

For  central  stations  where  soliciting  must  be  done  by  the 
manager  or  by  his  assistant,  these  two  methods  are  the  ways 
to  get  business,  the  ways  you  will  find  most  productive.  I  think 
it  is  pretty  well  understood  that  where  you  have  samples  you 
can  afford  to  put  out  any  of  your  samples  to  almost  any  of 
your  customers  on  a  week  or  ten  days'  trial.  I  do  not  think 
there  is  any  doubt  in  tlie  minds  of  most  men  as  to  its  being 
not  only  desirable,  but  the  best  way  to  do;  the  way  that  will 
bring  quickest  and  best  results.  .'\11  gas  men  are  united  in  agree- 
ing with  that  statement  and  such  central-station  men  as  have  oon- 
sistent'iv  carried  out  the  practice  have  found  it  very  profitable. 

Mr.  O.  p.  Sells  (Grand  Island.  Neb.) :  The  advertising 
question  is  perhaps  of  as  much,  if  not  more,  interest  to  the 
property  that  I  am  looking  after  as  any  other,  and  for  these 
reasons:  Situated  in  a  little  town  of  icooo  people  there  is  elec- 
tric and  gas  competition  and  the  question  of  municipal  owner- 
ship. There  is  one  daily  newspaper,  which  is  favorable  to  municipal 
ownership,  so  we  are  shut  out  from  uewsi>apcr  advertising.  Our 
community  is  not  tlie  class  of  people  to  take  to  folders  and  cir- 
cular letters,  and  it  has  been  quite  a  question  with  me  as  to  what 
was  the  best  way  to  reach  the  i>eople.  1  have  alway.s  been  in 
the  technical  side  of  the  business  and  not  in  the  advertising  side 
of  it;  therefore  it  is  a  study  for  me.  The  property  has  never 
paid  anv  dividends  until  the  last  six  months.  We  have  installed 
new  units  for  additional  capacity,  and,  on  the  lines  of  the  dis- 
cussion last  evening,  the  question  with  us  is  to  load  the  new  units 
as  quickly  as  possible  and  get  returns  from  that  exi)euditure.  I 
should  like  to  hear  from  anyone  who  has  had  experience  in 
that  line — advertising  in  small  towns,  getting  new  business  in 
a  short  space  of  time.  I  am  sure  such  a  discussion  will  be  of 
interest,  not  only  to  me,  but  to  a  number  of  others  who  are 
similarly  situated. 

Mr.  F.  W.  Willcox  (Harrison,  N.  J.) :   I  think  the  associa- 


377 

tion  is  to  be  congratulated  up>on  the  interest  that  has  been  shown 
in  the  subject  of  advertising.  To  my  mind,  there  is  nothing  of 
more  importance  to  electric-hght  companies,  outside  the  ques- 
tion of  rates.  The  question  of  rates  and  the  question  of  adver- 
tising are  the  most  important  things  that  have  to  do  with  the 
success  of  electric  Ughting.  I  think  the  question  divides  itself 
into  two  parts :  first,  the  conviction  on  the  i)art  of  central-station 
companies  as  to  the  vahie  of  advertising,  and,  second,  the  under- 
taking of  the  work.  I  think  it  shows  considerable  progress  in 
the  matter  when  we  find  that  the  companies  are  convinced  to-day 
that  advertising  ]jays.  There  was  a  time  when  few  companies 
agreed  that  it  was  profitable  to  advertise.  That  time  is  past.  As 
to  undertaking  the  work.  1  think  that  if  a  vote  were  taken  at 
this  meeting,  it  would  be  surprising  to  find  how  few  companies 
do  systematic  advertisings — how  few  companies  do  any  adver- 
tising at  all.  A  few  companies  do  it  in  a  systematic  manner ; 
some  companies  do  it  irregidarlv  ;  bvit  a  large  number  of  com- 
panies do  nothing  at  all.  The  reason  in  the  latter  case  is  that 
they  have  no  means  of  undertaking  the  work.  The  members 
come  to  the  meetings  and  become  enthusiastic  about  advertising : 
they  go  home,  and  for  various  reasons  the  subject  goes  with- 
out attention  and  the  matter  is  dropped.  That  leads  me  to 
indorse  the  project  that  Mr.  Crouse  has  presented  to  you,  which 
will  give  every  central  station  the  exi>ert  advice  and  assistance 
necessary  to  conduct  this  work.  I  shall  be  disappointed  if  the 
plan  docs  not  meet  with  the  hearty  indorsement  of  a  majorit\" 
of  stations,  particularly  small  stations. 

It  is  surprising  how  little  electric  light,  relatively,  is  used 
throughuut  the  country  to-day.  That  fact  was  brought  home  to 
our  company  by  the  sale  of  a  little  decorative  outfit  for  Christmas 
lighting.  We  were  surprised  to  be  told  in  Boston  by  the  firm  of 
.Schwartz  Brothers,  toy  dealers,  that  where  they  had  one  in(|uiry 
for  the  electric  outfit  from  people  who  had  electric  current  in 
their  homes,  they  had  fifty  inquiries  where  they  were  asked  if 
the  outfit  couI*l  not  l>e  used  on  some  kind  of  battery.  I  have 
been  impatient  at  the  delay  in  extending  the  service  of  electric 
light  and  power,  and  while  much  of  it  has  to  do  with  apparatus, 
more  has  to  do  with  the  lack  of  progressive  nietlnxls  in  pushing 
the  business.  I  hope  the  idea  of  Mr.  Crouse  will  receive  the 
full  indorsement  of  the  members  of  the  association.     If  the  lamp 
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manufacturers  can  show  you  how  to  make  two  lamps  burn  where 
only  one  is  burned  now,  you  should  have  no  objection  to  indorsing 
the  plan  and  giving  them  the  additional  business  that  such  work 
will  bring  about. 

The  President:  We  should  be  glad  to  hear  from  Mr. 
Martin  on  this  subject. 

Mr.  Mahtin  :  Mr.  President,  this  subject  of  advertising  was 
referred  to  briefly  in  my  report  on  progress,  and  it  was  in  pre- 
paring that  rep<^rt,  and  in  making  some  inquiries  of  lighting 
companies,  that  the  fact  was  brought  home  to  me  that  the  subject 
of  advertising  was  being  neglected  in  a  disastrous  manner  by 
local  companies  throughout  the  country.  I  thereupon  determined 
that  it  might  be  interesting  and  valuable  to  the  men^bers  of  the 
association  if  I  brought  together  a  small  exhibit  of  advertising 
material  and  methods.  That  exhibit  you  have  seen  at  the  end  of 
the  room.  Had  more  time  been  given  to  it,  a  better  display  would 
have  been  made;  but  I  am  so  much  encouraged  that  I  should  like 
to  see  it  repeated  on  a  larger  and  fuller  scale  at  our  next  meeting, 
when  I  believe  it  would  not  only  be  a  good  thing  to  have  the 
members  at  the  convention  study  the  exhibit  carefully,  but,  in 
whatever  city  we  happen  to  meet,  to  invite  the  general  public  to 
view  the  exhibit.  I  believe  the  immediate  effect  would  be  a 
visible  percentage  of  increase  in  the  business  of  the  local  company 
in  that  city,  as  well  as  in  the  expansion  and  amplification  of  the 
advertising  methods  pursued  to  get  business  throughout  the 
country. 

The  subject  of  advertising  shows  itself  in  so  many  aspects, 
Mr.  President,  that  it  is  impossible  to  expatiate  upon  them  all. 
Mr.  Ingalls'  paper  is  an  admirable  exposition  and  summary  of 
the  conditions  of  advertising  and  its  relationship  to  the  business, 
and  I  want  to  take  this  opportunity  of  expressing  my  commenda- 
tion, modestly — certainly  my  admiration — of  the  work  that  has 
been  done  by  the  advertising  men  of  some  eight  or  ten  of  the 
leading  local  companies  of  this  country.  I  think  the  work  of  such 
experts  as  Mr.  Ingalls.  and  other  men  in  similar  positions,  is 
unsurpassed,  and  I  doubt  if  it  is  equaled,  in  any  other  line  in  the 
introduction  of  a  special  article  throughout  the  country.  But  it  is 
not  possible  for  very  many  of  the  lighting  companies  to  command 
the  services  of  such  highly-paid  experts — and  when  I  say  highly 
paid,  of  course  I  do  not  speak  from  their  own  standpoint.     I 


noticed  that  Mr.  Hammond  last  night,  in  his  very  pithy  and  perti- 
nent remarks,  gave  himself  a  tittle  boost  by  saying  tliat  all  his 
work  was  original,  was  created  by  himself,  that  he  found  no 
necessity  for  imitation  in  any  quarter.  While  there  are  not  many 
John  Craig  Hammonds,  there  are  also  not  many  companies  that 
can  afford  to  employ  the  work  of  such  experts. 

The  suggestion  has,  however,  been  offered  by  Mr.  Crouse  of 
a  method  by  which  the  companies  may  secure  such  expert  assist- 
ance, and  he  has  put  the  plan  in  very  practical  form  and  has 
brought  it  to  you  in  the  shape  of  a  donation  of  $10,000,  which 
would  help  to  popularize  and  render  general  the  methods  that 
have  already  been  adopted  by  these  eight  or  ten  leading  illumina- 
ting companies.  Ten  thousand  dollars  expended  in  advertising 
is  a  mere  drop  in  the  bucket.  I  believe  a  million  dollars  could 
easily  be  spent  this  year  in  advertising  electricity  throughout  this 
country,  and  the  results  would  show  next  year.  But,  as  Mr. 
Ayer  has  stated,  it  does  not  do  to  bunch  your  expenditure;  you 
want  to  spread  it  out,  and  as  we  who  are  in  this  electrical  business 
are  in  it  to  stay,  we  might  as  well  lay  out  a  campaign  that  will  be 
good,  not  merely  for  this  year,  but  for  next  year  and  tlie  coming 
ten  years.  The  time  is  ripe.  It  is  the  psychological  moment  to 
interest  the  public  in  what  you  are  doing.  This  is  shown  by  the 
interest  in  the  question  of  municipal  ownership,  for  example. 
We  have  a  wave  of  that  sweeping  over  the  country  at  the  present 
time.  I  do  not  think  there  is  much  feeling  or  intensity  in  the 
idea,  but  it  is  more  or  less  in  the  nature  of  a  hypnotic  suggestion. 
One  town  sees  another  moving  in  the  matter ;  one  newspaper 
editor  sees  another  editor  writing  on  the  subject,  and  it  is  taken 
up  and  pushed  along. 

Advertising  itself  is  suggestion.  I  think  you  want  to  take  up 
that  idea  and  fill  yourself  as  much  as  possible  with  the  knowledge 
of  the  value  of  suggestion — advertising— in  getting  your  business  ; 
but  do  not  expect  too  much  of  advertising.  Use  all  the  other 
methods  commonly  in  vogue.  For  example,  one  of  the  leading 
companies  in  this  country,  the  concern  that  issued  the  pioneer 
bulletin — T  mean  the  New  York  Edison  Company — rloes  probably 
as  good  work  as  any  company  in  this  country,  in  any  field,  in 
intelligent,  persistent  and  successful  advertising,  but  it  does  not 
depend  merely  on  advertising  by  bulletins,  circulars  or  dodgers, 
nor  on  advertising  in  the  newspapers  and  magazines.     It  has  a 
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t'ollow-up  system ;  and  in  this  album,  which  I  fortunately  have 
with  me.  I  have  a  series  of  letters  addressed  to  me  as  a  man  who 
IS  indifferent  to  electricity,  and  they  want  to  get  my  business. 
The  whole  campaign  is  developed  in  this  album,  which  I  should 
like  some  of  yon  to  read,  that  you  may  see  how  cleverly  the  idea 
IS  followed  up  until  I  am  landed  as  a  good,  steady,  large  consumer 
ol  current. 

The  $10,000  to  which  I  have  just  referred  is  not  for  the 
l>enefit  of  the  large  companies,  at  all-  It  would  cut  no  figure 
in  their  advertising  appropriations.  It  would  cut  no  figure  in 
the  advertising  appropriation  of  any  one  of  them;  but  the 
companies  about  which  our  president  s|)nkc.  those  that  are  located 
in  cities  of  ten,  fifteen  and  tweniy-five  thousand  people,  can  derive 
a  great  deal  of  benefit  from  the  judicious  expenditure  of  this 
money.  I  do  not  think  a  single  local  company  here  should  flatter 
itself  that  it  is  going  to  get  an  appropriation  out  of  this  fund 
and  use  that  for  local  newspaper  advertising.  By  all  means, 
advertise  in  the  newspapers.  Keep  close  to  them.  Advertise  in 
them  whether  they  are  praising  your  business  or  condemning  it  ; 
if  they  condemn  it.  they  arc  advertising  you  anyhow.  They  are 
nnt  doing  the  harm  you  may  imagine,  becatise  the  public  has  a 
capacity  for  reasoning  out  things  for  itself,  and  where  enmity 
may  be  developed  by  too  sharp  criticism,  friendship  will  also  come. 
Newspaper  advertising  is  not  merely  that  of  paid  announcements. 
I  presume  there  is  not  a  central-station  company  out  of  the  4000 
in  this  coirntry  that  does  not  have  happen  from  week  to  week 
some  interesting  event  in  connection  with  its  business,  some  story, 
and,  knowing  as  I  do  the  newspaper  men  in  the  country.  I  believe 
there  is  not  an  intelligent  reporter  or  editor  who  would  not 
welcome  the  op]iortnnity  of  getting  that  story  into  his  columns. 
It  is  news  for  him  and  advertising  for  you,  and  won't  cost  you  a 
cent. 

Now.  as  to  the  practical  methods  of  spending  part  of  this 
money,  if  it  should  be  determined  by  you  gentlemen  to  accept  it. 
I  do  not  know  how  far  this  association  cares  to  conmiit  itself 
in  accepting  money  from  the  manufacturers.  That  is  a  serious 
proposition  in  many  respects,  but  I  believe  this  appropriation 
comes  without  strings  and  with  the  best  of  motives :  unquestionably 
a  selfish  motive  back  of  it.  because  in  spending  money  in  adver- 
tising you  will  help  the  manufacturers  to  get  rid  of  more  of  their 
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product.  One  of  the  best  ways  that  occurs  to  me  in  which  to 
apply  that  money  for  the  benefit  of  the  small  companies  is  to  have 
a  committee  created,  which  committee  would  have  associated  uith 
it  one  or  two  experts;  then,  possibly,  to  get  up  some  handsinne 
albums,  like  this  one  of  the  New  York  Edison  Company — perhaps 
a  hundred  of  them,  costing  from  $^5  to  $50  apiece — and  insert 
in  each  album  samples  of  advertising  done  in  newspapers,  circu- 
lars and  dodgers,  foilow-up  letters,  and  all  other  methods  of 
advertising,  including  the  artistic  material  such  as  tliat  used  by 
the  New  York  Edison  Company  and  the  Boston  Edison  Company. 
Circulate  these  albums  from  company  to  company,  letting  each  of 
the  member  companies  of  this  association  have  the  benefit  of 
inspecting  one  of  them.  If  that  is  done  once  or  twice  a  year, 
every  member  company  in  the  country  v\'iU  get  the  benefit  of  the 
best  work  that  every  other  member  company  is  doing;  and  I  think 
the  whole  art  and  the  exploitation  of  the  best  means  of  selling 
current — light,  heat  and  power,  whatever  it  may  be — will  be 
benefited. 

There  is  also  one  other  idea.  This  association  has  issued 
from  time  to  time  admirable  bulletins  devoted  to  lists  of  prices 
charged  for  current  for  light,  heat  and  power,  and  also  bulletins 
devoted  to  rates  obtained  for  munici|)al  lighting.  I  think  it  would 
be  a  good  idea  if  a  canvass  were  made  of  the  companies  in  the 
association  and  a  bulletin  were  issued  giving  the  details  of  the 
work  done  by  each  of  the  500  or  600  companies  in  the  associa- 
tion, so  that  in  that  way  also,  they  could  compare  their  methods 
and  derive  ideas  and  suggestions  from  what  other  companies 
arc  doing. 

Mr.  Russell:  I  want  to  try  to  answer  some  of  the  questions 
asked  by  the  gentleman  from  Nebraska.  The  company  with 
which  I  am  connected  is  in  a  town  of  15,000  inhabitants — Mas- 
sillon,  Ohio — and  we  are  up  against  a  proposition  of  thirty-cent 
natural  gas.  Now,  if  there  are  any  more  members  in  the  same 
trouble,  I  sliould  like  to  know  it. 

The  President:  Will  those  gentlemen  that  are  in  a  similar 
situation  raise  their  hands? 

(Two  members  raised  their  hands.) 

Mr.  Russell:  I  have  been  with  this  company  only  about 
two  years,  and  when  I  began  I  did  not  know  an  arc  lamp  from 
an  incandescent  lamp,  you  might  .say,  but  I  found  there  was  not 
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a  cent  spent  for  advertising.  We  have  two  daily  papers  in  the 
town,  and  I  took  six  inches  at  first  and  ran  an  advertisement  in 
one  paper  on  Wednesday  and  in  the  other  paper  on  Saturday  ; 
that  cost  me  48  cents  an  insertion.  Then  I  learned  from 
some  of  the  bulletins,  or  from  Illustrated  Electricity,  or  from 
Mr.  Martin's  paper  of  last  year,  that  it  was  policy  to  send  out 
letters,  and  1  began  doing  that.  These  were  so  effective  that 
it  was  only  a  few  days  ago  that  a  man  told  me  if  I  did  not 
quit  writing  letters  to  his  wife  he  would  break  my  neck;  but 
I  am  going  to  make  a  customer  out  of  that  man  and  his  wife. 
About  this  time  there  appeared  the  little  periodical  called  Illus- 
trated Electricity.  I  have  not  any  connection  with  it.  but  we 
take  fifty  copies  of  it  every  month.  We  have  a  card  system,  and 
these  copies  go  out  every  month  to  persons  who  are  on  our  list; 
that  card  system  is  looked  over  frequently,  and  as  fast  as  we 
get  a  customer  the  card  is  removed.  In  this  town  of  15,000  inhabi- 
tants we  have  set  it  down  as  a  rule  that  we  must  get  ten  new 
customers  every  month  ;  and  we  get  them. 

Now,  about  this  natural  gas — it  is  a  hard  proposition ;  but 
in  these  days  when  everybody  is  preaching  hygiene,  sanitation 
and  cleanliness,  that  is  one  of  the  ways  in  which  you  can  get 
at  them.  We  talk  to  the  iiouscwife  about  house-cleaning  time, 
and  we  ask  if  she  has  looked  at  her  curtains  and  decorations, 
the  varnish  on  the  piano,  and  all  that  sort  of  thing.  The  first 
thing  you  know,  the  man  who  has  a  little  house,  say  six  or  seven 
rooms,  which  he  has  built  and  decorated  very  nicely — at  the  end 
of  the  first  year  his  wife  comes  around  to  him  and  says:  "John, 
we  thought  we  had  our  house  pretty  nicely  papered,  but  we  have 
got  to  have  that  ceiling  cleaned."  As  soon  as  I  hear  that,  either 
my  superintendent  or  myself  is  right  after  that  fellow ;  and  these 
are  the  people  that  we  are  winning  away  from  natural  gas. 

In  our  advertisements  we  keep  ever  before  the  people  the 
price,  as  Mr.  Willcox  suggested ;  because  in  a  town  of  that  size 
they  think  in  dimes,  whereas  in  cities  like  Denver,  New  York 
and  Boston,  they  think  in  dollars,  and  the  man  in  the  small 
town  wants  to  know  how  much  it  is  going  lo  cost.  One  form 
of  our  advertising  is  to  tell  a  man  how  often  he  witiks  in  day- 
light, in  gaslight,  in  candle  light,  and  in  electric  light :  because 
the  wink  is  the  sigrn  of  eye  weariness,  and  if  you  will  look  it 
up  you  will  find  that  in  electric  light  you  wink  only  about   1.8 
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times  a  minute.  Lately,  I  have  used  a  scheme  gotten  up  in  New 
York  for  an  advertisement,  and  it  is  headed  in  big  letters  "DO 
IT  NOW,"  and  under  that  you  can  use  as  much  space  as  you 
want.  I  confine  myself  to  about  four  inches,  but  I  keep  ever- 
lastingly at  it.    That  is  the  way  we  are  going  to  get  customers. 

In  regard  to  our  show-room,  we  have  a  20-foot  office, 
with  a  window  in  it,  and  we  keep  it  just  as  bright  as  we  pos- 
sibly can  all  night  long  and  work  the  plant  scheme  that  the 
gentleman  from  Nebraska  suggested.  Any  of  the  central-sta- 
tion managers  in  tliese  small  towns  can  write  letters,  and  you 
can  make  eight  carbon  letters  as  easily  as  one  on  the  typewriter, 
and  if  you  will  send  out  fift>  or  one  hundred  of  these  every 
month,  and  keep  at  it,  you  are  bound  to  get  business. 

Mk.  G.^rdineh  (Boston)  :  I  gather  that  we  all  believe  in 
reasonable  advertising,  and  the  problem  that  we  arc  wrestling 
w'ith  now  is  how,  when,  where,  and  to  what  extent.  T  was 
very  much  interested  last  evening  in  the  statemeiu  that  the 
Chicago  Edison  Company's  advertising  campaign  had  been  laid 
out  by  the  Bates  Advertising  Company,  of  New  York.  I  want 
to  ask  a  question:  Assuming  an  advertising  appropriation  of 
from  $5000  up  to  $50,000  or  $75,000  per  annum,  is  it  better  for 
a  public  service  corfxiration  to  lay  out  its  advertising  campaign 
in  its  own  office,  in  view  of  local  conditions,  or  to  place  the 
matter  in  the  hands  of  some  advertising  concern,  such  as  the 
Bates  Advertising  Company  r  It  seems  to  me  that  there  is  a 
question  of  policy ;  that  is  a  serious  question,  greatly  affecting  the 
efficiency  of  the  returns. 

I  have  recently  been  going  over  the  items  of  a  very  con- 
siderable advertising  campaign.  It  fell  under  four  major  heads: 
newspapers  ;  programmes,  theatre  and  otherwise  ;  street-car  adver- 
tising, and  bill  posters  or  display  signs,  paper  and  paint.  Some 
of  the  advertising  agents  discouraged  me  very  much  on  the 
bill-posting  work,  e.Kcept  as  a  follow-up  form  of  advertising. 
They  pointed  to  the  fact  that  general  advertisers  throughout  the 
country  who  use  bil!  posters  and  paint  work  use  it  as  a  follow-up 
method  to  their  newspaper  and  magazine  advertising.  It  had 
appealed  to  me  in  exactly  the  reverse  way. 

.Another  method  is  street-car  advertising.  I  have  heard  very 
little  here  about  street-car  advertising.  The  question  arose  as 
to  whether  or  not  we  should  advertise  in  the  street  cars,  and 


J 


384 


it  was  decided  that  we  should  not  advertise  in  thein  during  the 
present  season,  but  would  possibly  take  it  up  in  September  and 
transfer  our  bill-board  appropriation  expended  during  the  sum- 
mer-time to  street-car  advertising  expended  during  the  winter- 
time. 

In  connection  with  bill-board  advertising,  certain  questions 
arise.     What  is  the  best  way  to  place  the  money  ?     In  compara- 
tively large  areas  on  paper,  on  what  I  call  transient  boards — 
that  is,  boards  on  car  routes,  that  are  passed  by  electric  cars — or 
put  the  same  amount  of  money  into  comparatively  smaller  spaces 
at  central  points,  in  paint?     Is  it  better  to  have  a  large  number 
of  boards  in  ordinary  places,  or  a  small  number  of  dominant 
boards?     Personally,  I  believe  in  the  central   location,  painted 
IxDards,  supplemented  to  a  considerable  extent  by  paper  boards  . 
hut  I  believe  in  every  painted  board  being  the  dominant  Ixianl 
in  a  central   lacation.     For  instance,   the   other  day   I   engage* I 
a    board    12    feet    by    65    feet,    painted,    opposite    the    largest 
transfer  station  in  Boston.     At  that  jioint  a  matter  of  some  two 
hundred  thousand  people  are  transferred  each  day.     I  think  that 
money  is   much   better   spent   than   an   equal   amount  of  money 
spent   in   Ixiards   scattered   throughout   the   city — paper   !x»ards. 
I  should  like  very  nnich  to  hear  from  the  prominent  advertisings 
experts  here  on  the  relative  use  of  these  different  mediums.     We 
have  heard  that  they  believe  in  the  monthl)  pamphlet,  in  which 
I  thoroughly  agree. 

There  is  another  means  of  advertising,  which  I  have  not  heard 
mentioned,  and  that  is  the  use  of  a  company  button  b)'  all  the 
representatives  of  the  company.  The  Edison  company  in  Boston, 
I  know,  has  a  very  neat  and  attractive  button,  which  is  used 
by  all  special  representatives,  meter  readers,  and  so  forth,  and 
that  focuses  the  eye  on  the  advertising  of  the  compan\  if  it 
is  used  in  conjunction  with  the  comi)any's  general  advertising- 
I  have  here  a  button — which  perhaps  is  not  quite  alone  in  this 
conventinn — that  is  used  by  all  the  gas  compaiu'es  in  Boston; 
by  their  meter  readers,  bill  deliverers,  special  representatives,  and 
others.  The  special  representatives  use  the  button  in  a  smaller 
size,  a  lapel  button,  and  the  meter  readers  have  a  similar  design 
on  the  front  of  their  caps.  That  button  has  been  mentioned  as 
a  strong  point  in  advertising.  The  gas  companies  propose  to 
run  this  trade-mark,  a  registered  trade-mark,  in  connection  with 


their  advertising,  and  make  the  different  forms  of  presentation 
of  gas  mesh  in  and  fit  in  together;  so  that  when  a  consumer  sees 
a  meter  reader  with  this  button  on  the  front  of  his  cap  he 
immediately  thinks  of  some  large  display  advertising  that  he  has 
seen  elsewhere,  advertising  gas  for  heat  or  for  cooking,  or 
advertising  some  special  apparatus,  it  seems  to  me  that  is  a  good 
line  of  advertising. 

There  is  another  question  that  I  should  like  to  ask,  and  that 
is  if  in  display  advertising  or  newspaper  advertising,  street-car 
advertising  also,  it  is  better  to  generalize  or  to  individualize.  For 
instance,  in  a  street-car  advertisement,  let  us  say  that  we  show  the 
Edison  company's  button  insignia,  "Edison  Light,"  and  around  it 
simply  the  words  "Light,  Cooking,  Heat,  Power."  These  are  the 
four  main  fields  of  use  of  electricity.  There  is  no  amplificatioii 
of  any  kind.  That  covers  practically  the  entire  field,  and  in  a 
concise,  imperative  way,  which  will  be,  I  think,  read  by  every  one 
who  sees  it.  .^s  against  that  form  of  presentation  in  all  methods 
of  advertising  is  it  not  better  in  one  advertisement  to  toll  the  story 
of  lighting  as  concisely  as  possible,  but  in  an  educational  way, 
saying  more  than  simply  "Light  by  Electricity?"  The  matter 
could  be  changed  in  other  advertisements  to  cover  cooking, 
various  kinds  of  cooking  by  electricity,  and  in  other  advertise- 
ments the  use  of  electricity  for  heat  and  power  could  be  described. 

Mr.  Gilchrist:  My  judgment  would  be  that  much  better 
results  could  be  obtained  by  being  specific  and  not  trying  to  cover 
the  whole  field.  People  generally  are  not  interested  in  the  state- 
ment that  the  company  is  oflfering  to  sell  electricity  for  light,  heat 
and  power.  They  will  pass  it  by  without  notice,  but  if  you  will 
advertise  some  special  feature  to  which  electric  light  is  peculiarly 
adaptable,  or  an  illustration  of  the  application  of  electric  power 
to  some  use  that  is  quite  common,  through  the  medium  of  a 
picture  that  has  artistic  merit,  the  advertisement  will  attract 
attention  on  account  of  its  artistic  qualities,  even  though  the 
person  may  not  be  particularly  interested  in  the  electrical  features 
of  it.  The  advertisement  might  illustrate  the  use  of  some  heating 
or  cooking  appliance. 

I  have  been  very  much  interested  in  and  have  appreciated 
the  force  of  some  advertising  that  has  been  done  in  the  Chicago 
papers  by  the  People's  Gas  Light  and  Coke  Company,  who  run 
the  gas  interests  in  that  city.  They  have  been  running  quarter- 
ns 
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page  advertisements,  with  a  very  well  executed  picture  of  a 
woman  usinp  a  gas  stove.  In  anotlicr  of  their  advertisementSj 
they  have  an  illustration  of  a  gas  engine  running,  showing  the. 
shafting  connected,  and  it  is  certainly  very  strong  advertising. 
It  has  attracted  a  great  deal  of  attention  and  it  has  led  me  to  the 
conclusion,  through  all  the  comments  1  have  heard  upon  it,  that 
that  form  of  advertising  is  very  strong.  In  regard,  also,  to  some 
of  Mr.  Hammond's  newspaper  ad%Trtising  in  which  he  works  in 
local  color,  his  cartooning  of  the  prominent  men  of  Denver,  1  can 
very  readily  sec  how  a  campaign  of  that  kind  would  attract  wide- 
spread attention. 

Mr.  Lee:  The  presentation  of  this  matter  has  interested  me 
deeply.  I  should  say,  in  regard  to  advertising  electricity,  that  it 
would  he  lietter  to  specialize  all  kinds,  forms  and  uses  of  elec- 
tricity. In  regard  to  signs,  I  believe  every  central-station  man 
should  have  an  electric  sign  put  up  over  his  office,  because  you  are 
<idvertising  electricity  and  you  ought  to  set  the  pace  for  the 
merchants  of  your  city.  There  are  a  number  of  good  signs  on 
the  market,  changeable  and  otherwise.  Make  constant  changes 
ill  your  signs.  It  is  one  of  the  very  best  means  of  advertising  for 
the  electric-iight  company  itself  to  use  these  signs  to  show  the 
merchants  how  it  can  I>e  done.  Then  you  can  get  out  after  them 
for  business.  As  the  basis  of  your  advertising  campaign,  1  believe 
the  newspapers  should  be  considered  first.  Then  come  the  follow- 
up  metliods ;  personal  solicitation,  followed  in  a  general  way  by 
Ixjoklets,  street-car  cards,  and  so  forth. 

Mr.  Ingali^  r  1  am  sorry  that  this  discussion  can  not  go  on 
longer.  I  wish  that  some  effort  might  be  made  at  the  meeting 
next  year  to  give  the  commercial  men  a  chance  to  say  all  they 
want  to  say  and  to  hear  all  they  want  to  hear  on  this  subject. 
I  believe  it  would  l>e  of  just  as  much  importance  to  lighting  com- 
panies to  have  these  matters  thoroughly  gone  over  as  it  is  to 
li.sten  to  technical  discussions. 

In  closing  the  di.scussion  on  advertising  methods.  I  will 
mention  that  there  are  several  things  that  have  been  touched 
upon  but  lightly.  One  is  tlic  question  of  show-rooms  and  display- 
windows.  These  are  really  very  important  and  are  within  the 
reach  of  ever\'body.  Almost  every  merchant  can  buy  a  small 
amount  of  apparatus  for  a  display-window.  A  great  many  of  the 
manufacturing  companjes  would  be  very  glad  to  help  the  central- 
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.station  companies  by  giving  them  some  of  their  stuff  to  display, 
so  as  to  encourage  the  use  of  the  apparatus.  I  suppose  the 
demands  that  would  be  made  on  a  company  like  tlie  General 
Electric  Company,  if  they  went  into  the  distribution  of  samples, 
would  be  something  enormous.  But  there  are  many  things  that 
will  interest  your  customers  that  can  be  had  on  six  months'  con- 
signment and  displayed  in  your  ware-rooms. 

The  preparation  of  your  lists  used  in  follow-up  or  other 
advertising  campaigns  is  really  of  paramount  importance.  It 
really  does  not  make  nutch  difference  what  kind  of  advertisement 
you  send  out  if  you  send  it  to  some  one  who  could  not  possibly 
be  interested  in  it.  If  the  companies  undertaking  advertising 
would  expend  the  proper  amount  of  time  in  preparing  their  lists, 
seeing  that  there  is  no  dead  wood  there  and  that  all  the  people  on 
the  list  are  likely  to  be  interested  in  the  subject  advertised,  they 
would  get  a  great  deal  better  results.  It  is  infinitely  better  to  have 
a  small,  live,  growing  list  than  a  great  big  dead  one  into  which 
you  will  throw  a  great  deal  of  money  and  will  waste  both  your 
time  and  your  money. 

I  think  that  the  statement  made  to  me  yesterday  by  one  of  the 
representatives  of  a  large  eastern  company  was  very  much  to  the 
point.  He  said:  "These  fellows  out  West  certainly  are  hustlers. 
There  is  one  thing  that  has  impressed  me  very  much  here.  Every 
man  I  have  met  here  who  has  on  a  yellow  ribbon  (the  badge  of 
the  entertainment  committee)  has  tried  to  do  something  for  me. 
I  am  going  home,  and  the  first  day  I  get  back  I  am  going  down 
the  line,  and  if  I  have  any  man  in  my  employ  who  is  not  paying 
the  greatest  possible  attention  to  the  public,  he  is  going  to  get  out 
right  away.  I  am  going  to  clean  shop  and  see  that  my  men  are 
fully  impressed  with  the  importance  of  treating  the  public 
properly." 


Mr.  John  Finnej'.  of  Denver,  a  member  of  the  American 
Institute  of  Electrical  Engineers,  addressed  the  meeting,  urging 
the  ntembers  of  the  association  to  attend  the  annual  meeting  of 
the  institute,  to  be  held  at  Asheville,  X.  C.  June  19  to  23. 


The  President:    We  will  now  take  up  the  report  on  the 
progress  of  electric  heating,  by  Mr.  James  I.  Ayer,  of  Boston. 
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Mr.  Ayer  read  the  following  report: 

REPORT   ON    PROGRESS    OF    ELECTRIC 
HEATING 


Your  reporter  is  able  lo  say  that  there  has  been  a  steady  in- 
crease in  the  extension  of  electric  lieating  in  the  past  year  which 
is  at  a  materially  greater  rate  of  growth  than  in  the  preceding 
year. 

With  the  thonghi  that  expressions  from  the  members  of  the 
association  indicating  their  experience  and  methods  pursued  would 
be  of  the  most  value  touching  this  subject,  a  set  of  questions  was 
mailed  to  all  central-station  niemhcrs.  As  may  be  expected  in  such 
cases,  all  returns  were  not  as  complete  as  could  be  wished,  but 
many  of  them,  and  a  number  above  the  average  in  such  cases, 
show  a  lively  interest  in  the  subject  developed  by  their  appreciation 
of  this  application  of  electricity.    The  answers  wore  as  follows: 

Total  number  ol  inquiries  sent  out 4S0 

Number  of  replies  received 235 

Number  with  heating  apparatus  on  their  lines 112 

Number  without  healing  apparatus  on  their  lines .  119 

Number  of  blank  replies. .    4 

Replies  from  the  1 19  without  apparatus  on  their  lines: 

Operating  gas  plant,  6.  No  "lay  circuit,  16.  Can  not  compete 
with  natural  gas,  7.  Interested  and  intend  pushing  the  coming 
year,  19.  Make  no  remarks,  69.  (Most  of  these  have  no  day 
service.) 

Question  No.  i — Do  you  sell  electric  heating  apparatus  to 
your  customers ?.   Answer:  93 — yes;  19 — no. 

Question  No.  2 — Do  you  sell  at  retail  or  at  cost?  Answer: 
61  sell  at  cost,  16  at  small  profit,  and  16  at  retail. 

Question  No.  3 — Do  \ou  keep  a  record  of  heating  apparatus 
on  your  lines?    Answer;  59 — ye.s ;  53 — no. 

Question  No.  4 — How  do  you  learn  of  new  additions?  An- 
swer :  from  meter  books ;  inspection ;  through  supply  dealers ; 
permits  for  additions ;  customers'  reports. 

Question  No.  5 — Do  you  make  special  rates  for  electric  heat- 
ing for  residences?    .Answer :  24 — yes ;  88 — no. 

Question  No.  6 — State  lighting  rates  and  conditions  under 
which  you  make  heating  rates.  Answer:  highest.  20  cents  per 
kilowatt-hour;  lowest.  5  cents  per  kilowatt-hour;  average.  12.5 
cents  per  kilowatt-hour. 
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Question  No.  7 — What  heating  rates  do  you  make  for  stores 
and  factories?  Answer:  liighest,  20  cents  per  kilowatt-hour; 
lowest,  1.33  cents  per  kilowatt-hour ;  average,  9  cents  per  kilowatt- 
hour. 

Question  No.  8 — Wliat  is  your  experience  as  to  the  advan- 
tages derived  from  the  electric  heating  business? 

The  following  are  most  of  the  replies  to  this  question  in  full: 

1  Not  very  gootl. 

2  Can  not  compete  with  gas. 

3  Such  that  we  want  all  we  can  get. 

4  Increased  revenue,  and  consumers  get  more  for  their 
money. 

5  Sells  current  at  a  profitable  rate,  a  great  advertiser,  and 
secures  other  connected  load. 

6  Increase  of  day  load. 

7  We  IjcJieve  only  in  electric  heating  as  applied  to  cooking, 
curling-iron  heaters,  irons,  et  ccrtera,  but  not  for  radiators,  having 
found  that  ttio  expensive. 

8  It  is  just  beginning  to  be  appreciated. 

9  Mat  irons  sell  day  load  at  ^.^t,  cents  special  rate,  which  is 
very  profitable  to  any  plant  having  water-power.  Our  source  of 
power  is  water  exclusively.  Minimum  charge  on  cooking  circuit, 
$3.00  per  nionlh. 

10  Heating  can  be  placed  on  same  basis  as  power  and  has 
same  load  characteristics. 

It      It's  growing ;  it  is  good  for  day  load. 

12  Slight,  except  as  an  accommodation  to  customers. 

13  It  increases  our  revenue  without  any  material  additional 
expense. 

14  Popularizes  the  use  of  electricity  by  demonstrating  its 
ailaptabiliiy  for  other  uses  than  lighting,  and  tends  to  "level  up 
the  valley"  in  the  ioad  cur\'e. 

15  Just  the  same  as  so  much  more  lighting. 

16  It  gets  the  customer  in  the  way  of  thinking  that  he  may 
apply  electricity  to  his  comfort  and  convenience  in  various  ways. 

17  Experience  limited  to  a  few  heaters  and- irons.  Possibly 
the  whole  capacity  does  not  exceed  5  kilowatts. 

18  That  it  is  a  profitable  addition  to  the  business  of  a  plant 
desiring  a  day  load. 
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19  So  far,  we  have  fouiiii  no  lu'ating  apparatus  ihat  was 
satisfactory.  The  cost  of  operation  too  high  and  apparatus  con- 
stantly out  of  service. 

20  Experience  limited,  but  what  we  have  is  good  business. 

21  Consider  it  a  good  day  load. 

22  Mostly  day  load — at  time  other  users  are  nut  drawing 
current.    Attracts  lighting  and  power  business. 

23  It  is  a  good  thing  in  every  way.  We  consider  it  a  gcxsd. 
advertisement  for  our  business. 

24  We  believe  that  electric  heating  will  become  a  very  im- 
portant part  of  our  business  in  time. 

25  Small  appliances  popularize  electric  current. 

26  We  want  all  we  can  get. 

27  Not  yet  in  a  position  to  say  definitely  from  experience, 
but  shall  be  within  si.x  mouths  from  date. 

28  Think  lliat  it  is  a  business  that  should  be  pushed. 

29  Its  greatest  advantage  is  as  an  additional  convenience: 
an  inducement  to  residents  to  use  electricity  for  lighting. 

30  It  certainly  increases  our  income,  but  the  apparatus  in- 
stalled so  far  has  no  appreciable  effect  on  our  day  load. 

31  Flat-irons  for  small  residences  a  big  success. 

^2  We  believe  in  it,  not  because  we  have  enough  to  affect 
our  revenues  largely,  but  because  its  convenience  makes  it  a  neces- 
sity when  once  installed  and  so  has  a  tendency  to  bring  and  hold 
customers  who  might  otherwise  use  gas. 

33  Have  bad  but  little  yet.  Are  out  for  more  and  believe 
til  at  branch  .•should  be  pushed. 

34  Small  appliances  are  all  right. 

35  It  might  interfere  with  developing  our  gas  business. 

36  Very  satisfactory  for  small  api^aratus.  such  as  irons, 
curling-tongs  heaters,  small  disc  heaters,  stew  pans,  chafing  dishes, 
soldering  irons,  coffee  jxjts,  warming  pads,  cl  ctrtera. 

37  The  present  heating  toad,  while  by  no  means  large,  is 
mainly  a  day  load,  and  therefore  a  desirable  one.  The  advantages 
of  electric  heating  appliances,  however,  appeal  to  the  general 
public  in  such  a  way  as  to  advance  electric  energy  and  popularize 
its  use. 

38  We  believe  the  people  who  have  used  small  current  heat- 
ing devices  are  pleased  with  the  convenience  and  cleanliness  of 
them  and  that  there  is  some  income.    We  are,  however,  not  able 
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to  say  what  it  amounts  to  in  proportion  to  our  other  business.    The 
demand  for  apparatus  seems  to  be  growing. 

39  Have  but  a  small  amount  of  heating  apparatus  out. 
Apparatus  is  difticult  to  sell ;  even  at  cost  prices  it  is  too  high  fur 
our  customers. 

40  Good  profit  to  company;  customers  find  it  expensive 
except  in  special  cases  where  convenience  is  of  more  importance 
than  cost. 

41  Are  all  right  if  you  can  get  the  customer  to  pay  the  in- 
creased cost  over  gas  heat. 

Question  No.  9 — What  method  have  you  pursued  to  extend 
the  use  of  electric  heating?  Answer:  64 — advertise  and  solicit; 
48 — made  no  effort. 

Question  No.  10— What  method  seems  most  eflfectivc  in  get- 
ting results?  Answer^  16 — personal  solicitation;  13 — free  trial  of 
apparatus;  13 — demonstration  and  advertising  with'  bills;  70 — no 
opinion. 

Question  No.  1 1 — Have  you  secured  any  laundry,  clothing 
factory,  or  similar  operating  plants  using  any  quantity  of  flat- 
irons?    Answer:  37 — yes;  75 — no. 

Question  No.  12 — What  are  the  net  results  to  your  customers 
as  to  cost  of  operation  and  results  as  compared  with  previous 
methods  of  heating?  .Answer :  18 — more  expensive,  but  customers 
better  satisfied  ;  14 — cheaper  and  better  than  uld  method  ;  4 — very 
expensive ;  76 — no  answer. 

Question  No.  13^ — What  previous  method  of  heating  was 
used?  Answer:  18 — gas;  11 — gasoline,  coal  and  charcoal;  15^ 
gas,  coal,  wood,  charcoal,  oil  and  coke  ;  68 — no  reply. 

Question  No.  14 — Do  you  supply  current  for  heating  in  other 
industrial  establishments,  and  to  what  extent?  Answer:  15 — yes; 
97— no. 

The  following  are  most  of  the  replies  to  this  question  in  fidl : 

1  Laundry  and  pantaloon  factories  can  not  use  electricity. 
Irons  will  not  give  sufficient  heat  to  use  satisfactorily.  The  damp- 
ness from  garments  is  the  cause.  Wc  have  experimented  and 
failed. 

2  Customers  seem  to  prefer  electric  heating  because  of  the 
cleanliness. 

3  Our  progress  has  been  hampered  by  a  municipal  owner- 
ship campaign  of  three  years'  duration. 
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4  Think  heating  units  are  a  great  thing  and  will  be  a  hig 
factor  in  the  light  and  power  business  in  a  few  years.  Where  the 
consumption  is  small  you  can  not  absorb  meter  losses  and  fixed 
charges.  The  beauty  of  the  thing  is  in  the  fact  that  much  of  the 
heating  consumption  is  in  day  load. 

5  We  find  the  demand  steadily  increasing  for  electricity  for 
heating  purposes,  not  only  for  factory  but  also  in  the  way  of 
domestic  appliances. 

6  If  the  first  cost  of  heating  apparatus  could  be  reduced 
materially  it  would  be  taken  up  by  a  greater  number  of  customers 
and  made  one  of  the  every-day  necessities  about  the  house. 

7  W^e  have  forty  kitchens  fully  equipped  and  using  current 
exclusively  for  cooking,  all  giving  satisfaction.  Every  outfit  put 
out  on  trial ;  only  two  equipments  out  of  42  returned.  Tliree 
hundred  flat-irons  put  out  on  trial  in  private  residences;  only  25 
returned.  We  find  that  heating  of  irons  and  cooking  apparatus  at 
our  rates  (3.33  cents  per  kw-hour)  is  satisfactory  and  feasible,  but 
that  air  healing  of  rooms  is  not.  .  .  .  Electricity  can  not  com- 
pete witli  the  other  methods  of  air  heating. 

8  We  hope  to  make  a  drive  in  the  near  future. 

9  We  have  in  some  cases  agreed  to  install  heating  apparatus, 
payment  to  be  made  if  the  same  proved  to  be  satisfactory  in  every 
way,  cost  of  operation  to  he  inchided.  In  every  case  the  apparatus 
has  been  retained,  and  we  think  it  is  a  good  policy  in  some  cases. 

10  The  first  cost  of  apparatus  is  too  high  to  secure  general 
adoption,  but  we  expect  to  extend  business  considerably  during  the 
coming  year. 

11  Our  heating  business  is  too  small  to  be  of  any  value  in 
making  general  comparisons.  Flat-irons  are  practically  the  only 
heating  we  can  do. 

12  Our  principal  business  thus  far  has  been  with  private 
residences.  We  have  two  department  stores  having  restaurants 
using  electric  heating  apparatus,  and  one  small  hotel. 

13  We  think  it  desirable  to  push  heating  pads,  laundry 
irons,  ct  ccetera,  and  other  devices  for  domestic  use  among  our 
residence  customers,  for  two  reasons — First,  a  desirable  day  load 
that  helps  remove  the  objection  to  paying  the  minimum  charges 
in  summer.  Second,  it  affords  another  strong  tie  to  hold  our 
customers  and  aid  in  getting  new  business. 

14  The  current  we  supply  for  heating  is  confined  solely  to 
small  apparatus. 
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15  A  little  ashamed  to  add  that  our  experience  is  so  limited 
it  is  of  little  value.    Hope  to  do  better  for  next  year. 

16  A  lady,  very  much  interested  in  domestic  science,  advises 
me  that  after  using  an  electric  oven  for  a  period  she  finds  it  ex- 
tremely satisfactory  and  believes  it  approaches,  more  nearly  than 
any  other  kind  of  oven,  the  famous  brick  oven  of  our  grand- 
mother. 

17  We  are  working  up  a  fair  day  load  on  heating  apparatus. 
We  show  all  kinds  of  heating  apparatus  at  the  office  of  the  com- 
pany to  our  customers,  and  supply  same  if  tlie  customer  can  not 
get  supply  dealers  to  do  so  promptly. 

18  Notice  we  make  a  residence  rating  on  about  40  per  cent 
of  the  total  lights  installed  and  will  not  add  the  heating  apparatus 
to  the  rating.  We  are  considering  a  power  rate  for  cooking,  but 
have  not  yet  decided  what  it  \vill  be. 

19  We  operate  and  own  gas  plants  in  connection  with  our 
electric  plants  and  prefer  encouraging  the  use  of  g^as. 

20  We  intend  to  look  into  this  matter  more  thoroughly  in 
th.e  future  and  if  there  is  any  chance  to  get  heating  or  cooking 
business  enough  to  pay,  will  make  a  rate  of  5  cents  or  less  for 
this  class  of  service. 

The  qtiesttons  seem  to  have  shown  ilie  following: 

That  about  one-third  have  no  heating  apparatus  on  their  lines, 
mostly  those  who  have  no  day  service.  With  those  who  have, 
there  is  a  growing  interest.  Generally  sell  apparatus  at  or  about 
cost.  About  one-half  keep  such  a  record  as  they  may  from  sales, 
inspection  permits,  meter  records,  et  co'teni. 

That  a  comparatively  small  per  cent  make  special  rates  (21 
per  cent  of  those  reixirting). 

With  a  few,  there  is  a  strong  impression  that  the  cost  for 
service  is  high  and  a  serious  handicap.  With  others,  that  this  does 
not  apply  to  many  useful  devices,  that  the  introduction  of  lieating 
goods  is  importajit  as  broadening  the  ficlfl  of  usefulness  of  electric 
Service  among  existing  customers,  and  wliere  rates  can  be  made 
sufficiently  low.  material  additions  in  day  loads  develop. 

That  the  best  methods  of  extending  the  use  is  by  office 
exhibits  and  demonstrations,  loaning  articles  for  trial,  and  personal 
solicitations. 

That  there  are  some  material  loads  of  a  desirable  character 
added   from   service  to  laundries,   clothing  factories,   and  other 
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industrial  establishments  in  fifty-two  cases;  that  those  customers 
found  the  service  more  satisfactory,  though  in  soine  cases  at  a 
higher  cost  for  heat  than  by  other  methods. 

That  the  cost  of  apparatus  was  a  factor  in  limiting  the  sale. 

Your  reporter  feels  that  this  last  point  should  receive  at- 
tention. 

The  average  critic  does  not  always  appreciate  that  an  elec- 
trically heated  tool  or  device  is  materially  different  in  its  make-up 
from  its  fellow  of  older  acquaintance.  Aside  from  producinj^  a 
device  as  like  as  i>ossible  lo  the  one  it  displaces,  it  must  contain 
a  heat  generator  made  to  withstand  use  ami  abuse  in  un- 
skilled hands  while  operating  at  high  temperature,  thus  calling  for 
great  care  in  design,  construction  and  selection  of  material.  Of 
the  number  made  compared  with  articles  of  like  character  in  com- 
n.on  use  they  are  as  one  to  many  thousands.  The  cost  of  selling- 
is  also  quite  high  as  compared  with  articles  better  known  and  of 
wider  application,  because  the  field,  generally,  is  restricted  to  those 
using  electricity  who  may  be  persuaded  to  discard  some  familiar 
weH-known  method  and  device  and  buy  the  new. 

These  are  the  principal  reasons  for  what  is  considered  high 
cost  of  electric  heaters. 

Some  few  stations  report  failures  in  efforts  to  successfully 
introduce  apparatus  under  conditions  where  others  succeed.  This 
is  generally  due  to  the  lack  of  a  proper  understanding  of  require- 
ments, methods  and  apparatus. 

While  it  seems  a  simple  matter  to  substitute  an  electric  iron 
for  a  gas  iron  with  equal  or  better  results,  anil  it  can  generally  be 
done,  yet  there  are  kinds  of  work,  kinds  of  operators,  and  kinds 
of  irons  differing  in  their  individual  characteristics  which  must 
harmonize  when  properly  combined ;  all  of  which  nu-ans  that  a 
thorough  acquaintance  with  the  devices  \ou  are  introducing  is 
essential. 

As  to  cost  of  operation,  I  feel  that  a  word  should  be  said. 

There  are  favorable  conditions  where  electric  lighting  is 
cheaper  than  gas,  unit  for  unit,  where  you  may  not  have  to  include 
compensating  advantages  to  equal  an  unfavorable  difference  in 
first  cost,  but  yon  do  not  find  the  extension  of  business  possible 
under  such  conditions  only.  On  the  contrary,  you  have  taught 
the  public  that  a  better  thing  is  worth  more,  and  they  know  it. 

The  electric  heater  in  many  of  its  forms  comes  to  you  as  a 


compensating  advantage  to-day  to  assist  in  further  extending  that 
belief  by  supplying  a  service  that  in  sunie  cases  can  not  be 
obtained  by  any  other  means  at  any  price.  It  meets  niaii)'  house- 
hold demands  better,  and  usnally  more  cheaply,  than  they  can  be 
met  by  any  other  means.  With  the  many  h<msehold.  shop  and  office 
conveniences  available,  the  electric  heater  is,  except  for  long  con- 
tinued service,  a  medium  more  attractive,  crmvenient.  safe  and 
sanitary  than  any  other,  and  can  be  operated  cheaply  eutiugh 
to  furnish  an  additional  reason  for  taking  on  or  maintaining 
electric  service  from  a  central  station. 

Your  reporter  desires  to  thank  the  members  who  promptly 
responded  to  the  questions  sent  out  by  the  secretary  for  this 
report.  Respectfully   submitted, 

James  I.  .\vkk.  Reporter. 

DISCUSSION 

Mr.  McCabe:  Is  it  f>ossibte  to  know  the  cost  of  domestic 
coal  in  the  town  referred  to  in  answer  So.  7? 

Mr.  Ayer:  The  cost  of  fuel  is  very  high. 

Mr.  Earl  Wheeler  Paul  (Ontario,  Cal.) :  I  sent  in  that 
answer — No.  7.  Coal  is  $12  a  ton  and  gasolene  19  or  20 
cents  a  gallon.  W'e  have  no  gas  at  all ;  we  use  either  wood,  coal 
or  gasolene.  The  gasolene  is  very  explosive  and  coal  is  out  of 
the  question,  and  we  made  this  cheap  rate  of  ^.^^  cents. 

Mr.  McCabe:    Could  you  not  have  got  a  better  rate? 

Mr.  Paul:  I  do  not  believe  so.  The  3.33  is  about  on  a  par 
with  gasolene, 

Mr,  a.  L.  Selig  <Los  Angeles.  Cal.):  Our  company  has 
been  paying  considerable  attention  to  this  branch  of  the  busi- 
ness for  some  time,  but  we  have  not  done  it  systematically.  A 
year  ago  we  had  on  our  system  possibly  a  dozen  flatirotTs  in 
residences.  About  that  time  we  began  a  campaign  for  the  intro- 
duction of  the  riatiron  as  a  necessity  rather  than  as  a  lu.xury, 
with  the  result  that  we  have  on  the  system  to-day  more  than 
fxx>  irons,  consuming  possibly  75  to  90  cents  each;  and  in  our 
case,  being  a  water-power  company,  adding  absolutely  nothing 
to  the  expense  except  office  expenses.  We  have  introduced 
these  irons  in  laundries,  supplying  about  eight  laundries,  the 
installation  varying  from  fifteen  to  fifty  irons.  We  have  flis- 
placed  gas  irons  in  a  town  where  gas  is  .sold  at  90  cents  per 
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looo  cubic  feet,  upon  a  basis  of  three  cents  for  electricity.  We 
find  that  three  cents  for  electricity  in  an  ordinary  flatiron  is 
equivalent  to  gas  at  about  $i.oo  per  lOOO,  and  our  experience 
has  taught  us  that  laundries  and  families,  or  anyone  else  having' 
to  do  with  that  particular  apparatus,  will  pay  from  lo  to  25 
per  cent  more  for  convenience,  quickness  and  cleanUness  in 
the  use  of  electricity  as  against  ironing  by  any  other  method. 

We  have  also — and  I  regret  to  say  that  I  have  not  had  time 
to  tabulate  the  results  of  this  particular  investigation — for  a  year 
past  been  experimenting  with  complete  kitchen  outfits  in  one 
of  our  towns,  selling  the  current  for  this  particular  outfit  at 
four  cents  per  kilowatt-hour,  with  the  distinct  understanding  that 
the  family  was  to  keep  a  daily  record  of  what  they  cooked,  how 
long  it  took  to  do  it,  and  to  read  the  meter  before  and  after 
each  piece  of  work ;  so  this.  I  take  it,  will  be  a  somewhat  valua- 
ble record  for  this  association  to  have  when  the  results  of  the 
experiment  are  tabulated.  We  find  that  the  particular  family 
that  was  given  this  advantage  for  the  purpose  set  forth  is  satis- 
fied with  the  result  and  will  continue  to  use  this  apparatus  as 
against  gas  that  can  be  bought  at  $[.50  per  lotx)  cubic  feet. 

The  question  was  raised  by  one  of  the  local  companies  as 
to  the  possible  utility  of  electricity  in  laundries  in  ironing.  It 
.•^eems  to  me  tliat  the  experience  of  that  company  must  have  been 
particularly  unfortunate,  because  this  question  has  not  been  raised 
in  any  of  the  laundries  on  our  system.  We  have  been  supplying 
some  of  these  laundries  now  for  about  a  year  and,  as  stated,  they 
prefer  electricity  to  any  other  method  of  doing  their  work;  in 
fact,  two  or  three  of  them  arc  now  equipping  their  mangles  witli 
electrical  devices,  cutting  nut  gas  for  that  particular  use,  and 
on  a  three-cent-per-kilowatt  basis. 

We  have  endeavored  to  introduce  electricity  for  heating 
space,  but  find  that  to  be  a  failure.  You  can  not  do  that  except 
in  isolated  instances,  where  persons  have  a  very  nice  house  and 
are  able  to  pay  the  bills.  In  our  country  the  conditions  are 
peculiarly  adapted  to  the  use  of  clectricty  for  heating  if  it  were 
feasible.  We  have  cool  mornings  and  evenings  in  the  winter, 
and  it  is  warmer  during  the  day,  so  that  the  use  of  electricity 
for  heating  would  be  limited  and  the  expense  necessarily  small 
in  comparison  with  other  sections  of  the  country  where  they  have 
more  rigorous  climates :  but  in  our  section  of  the  country,  except 
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in  isolated  cases,  such  as  the  residences  of  wealthy  people,  the 
use  of  electricity  for  heating  space  is  a  failure;  and  we  dis- 
courage rather  than  encourage  it,  because  we  have  found,  in  a 
dozen  instances,  probably,  that  persons  who  would  like  to  have 
the  convenience  of  heating  space  by  electricity  have  bought  the 
apparatus  without  our  knowledge  and  installed  it,  and  then 
simply  gone  up  into  the  air  because  of  the  amount  of  the  bills. 
Instead  of  doing  us  good,  it  does  us  harm.  It  is  possible  if 
you  have  a  long  purse  to  indulge  yourself  in  the  luxury  of  elec- 
tric heating,  but  if  you  can  not  afford  to  pay  the  bills  do  not  heat 
with  electricity. 

We  find  that  electric  irons,  electric  culinary  apparatus,  curl- 
ing irons,  and  these  small  things,  which  pay  anywhere  from  25 
to  50  cents  or  $1.00  a  month  to  the  central-station  company, 
can  be  successfully  introduced,  but  can  be  pushed  only  by  per- 
sonal solicitation.  We  engaged  a  woman  who  knew  the  advan- 
tages of  the  apparatus,  and  she  told  us  she  would  go  upon  our 
system  (we  are  in  a  city  where  there  are  three  competing  com- 
panies, but  she  said  she  would  confine  her  work  to  our  lines)  and 
would  sell  these  irons  for  us  upon  a  margin  if  we  would  let  her 
have  them  at  cost.  Wc  did  that  gladly,  and  she  introduced  a 
number  of  these  irons  for  us.  We  let  a  lot  of  them  out  on  a 
30-day  trial  and  out  of  the  hundreds  put  out  65  per  cent  stuck, 
and  we  believe  that  our  revenue  this  year  from  this  kind  of  serv- 
ice will  be  increased  not  less  than  $10,000  a  year  without  appre- 
ciable expense  to  us. 

Mr.  p.  H.  Korst  (Janesville,  Wis.):  This,  electric-heating 
business  has  been  of  much  aid  to  us  in  one  respect.  We  have 
had  considerable  difficulty  in  holding  our  small  residence  cus- 
tomers, owing  to  the  minimum  charge  we  have  had,  in  com- 
mon with  most  lighting  companies,  of  $1.00  per  month.  They 
find  that  during  the  summer  months  they  use  hut  40  cents 
worth  of  current  and  we  charge  them  $1.00,  and  they  do  not 
feel  good  about  it.  We  lose  some  of  these  small  consumers  every 
year  during  the  summer.  We  have  taken  up  and  pushed  the 
electric  laundry  iron  for  domestic  use.  and  we  tell  customers  they 
can  use  it  in  summer-time  practically  without  expense,  since  it 
enables  them  to  use  all  the  current  that  they  pay  for  under  the 
minimum  clause.  It  catches  them,  and  by  means  of  the  laundry 
iron  we  are  enabled  to  hold  their  business  and  get  the  additional 
revenue  the  iron  brings  in  during  the  winter  months 
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Mr.  Julian  B.  Downey  (Rawlins,  Wyo.)  :  Have  you  two 
meters,  or  are  the  irons  on  flat  rate? 

Mr.  Kokst:  In  the  larg^e  installations  we  put  on  a  separate 
meter  and  give  regular  power  rates,  but  in  residences  they  go 
on  the  regular  lighting  meter.  You  eqtialize  the  bills,  because 
it  is  in  the  summer-time  that  the  irons  are  used. 

Mr.  Downey  :  You  get  more  than  three  cents,  putting  it 
on  the  lighting  bills? 

Mr.  SEi.tr::  Yes.  in  families.  I  spoke  of  laundries,  and 
giving  that  rate  they  agree  to  pay  a  minimum  bill  of  50  cents 
a  month.  My  maximum  rate  is  15  cents  and  the  average  rate 
per  family  is  about   11   cents. 

Mk,  Aver:  In  connection  with  laundry  work,  I  will  say 
that  there  are  upward  of  600  laundries  equipped  with  electric-roll 
heaters  throughout  the  country.  The  laundry  installations  are 
growing.  The  question  of  the  use  of  air  heaters  is  like  the  ques- 
tion of  the  use  of  cooking  apparatus  on  lighting  rates.  It  is 
not  practicable  at  the  average  lighting  rates  to  do  general  cook- 
ing and  take  over  all  of  it.  It  is  not  practicable  to  do  cooking 
at  a  much  higher  rate  than  three  cents,  where  you  are  going  to 
do  all  the  cooking;  but  you  can  utilize  in  your  kitchen  a  broiler, 
waffle  iron,  coffee  pot  for  the  dinner  table,  a  chafing  dish,  and 
similar  things  used  from  once  a  week  to  once  a  day,  without 
any  appreciable  additional  cost  in  the  month's  bill,  I  know  of 
three  cases,  of  which  we  have  obtained  data,  where  all  the  broil- 
ing in  a  family  of  from  four  to  six  persons,  and  the  coflfee- 
making,  together  with  the  incidental  use  of  an  occasional  stove 
for  toasting  and  doing  little  things  in  the  evening,  the  use  of 
the  chafing  dish,  the  use  of  the  family  flatiron — not  for  the 
laundry,  but  for  use  alx)ut  the  house ;  the  pressing  a  woman 
does  in  dressmaking  and  little  things  that  do  not  come  under 
the  regular  laundry  work — and  in  each  of  these  three  cases 
in  no  instance  has  the  increase  in  the  bill  averaged  more  than 
$1.25  per  month,  or  about  20  per  cent  increase  over  the  light- 
ing bill,  where  this  free  use  of  current  was  made. 

A  broiler  requires  10  or  15  amperes  at  no  volts,  which  is 
in  service  about  20  minutes ;  a  cofifee  machine  requires  200  or 
300  watts  for  20  minutes.  The  incidental  use  of  the  chafing  dish 
is  not  large.  The  household  flatiron  is  used  in  many  houses  from 
10  to  15  minutes  at  a  time,  at  most,  for  pressing  a  seam,  or  some 
similar  service,  and  it  is  not  necessary  to  keep  it  in  service  more 
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than  tL-u  niinutfs  at  a  time.  While  the  iron  may  use  400  or 
500  watts,  the  total  watt-htnir  use  in  a  day  is  small  and  the 
service  is  cheap  and  convenient. 

Ill  regard  to  radiators,  there  is  a  field  for  radiators  in  dwell- 
ings that  is  very  large  and  is  becoming  more  so,  and  that  is  the 
use  of  radiators  in  the  bathroom  in  winter;  there  is  a  demand 
for  somethinff  to  take  the  chill  off  the  bathroom.  It  takes  a 
2000-watt  heater  to  be  etlfective  and  fifteen  or  twenty  minutes 
t*j  accomplish  the  desired  result.  \\  hen  I  give  that  rating  of 
heater,  I  am  speaking  of  the  average  bathroom  and  the  amount 
of  heat  required  to  warm  a  room  within  the  limit  of  time  a  man 
is  wilHng  to  wait  before  the  furnace  in  the  house  has  got  in  ils 
work.  In  practice,  we  have  found  that  in  seaside  summer  homes 
and  in  winter  residences  the  radiator  is  a  great  .>^uccess.  It  may 
cost  seven,  eight  or  ten  cents,  or  possibly  twelve  cents,  for  the 
heat  required  to  take  a  morning  bath.  Take  that  in  the  case  of 
a  man  who  wants  the  convenience,  and  the  cost  is  low.  It  is  a  field 
that  is  growing  larger  every  day,  and  a  thoroughly  practicable 
one.  The  experience  of  one  of  our  members  who  installed  an 
electric  heater  was  not  all  just  as  expected.  He  was  very  much 
delighted  with  the  heater,  but  he  took  a  bath  cwie  morning  just 
as  he  was  about  to  go  away  on  a  two  weeks'  trip,  and  when  he 
came  back  his  bill  was  $96.  He  was  the  president  of  the  com- 
pany, which  was  an  element  in  the  case  that  made  the  situation 
a  little  easier  to  bear. 

Mk.  Selig:  The  idea  of  using  a  radiator  for  house-heating 
is  absurd;  it  is  the  efinivatent  of  something  like  $60  a  ton  for 
coal,  under  tlie  best  conditions, 

JIr.  DL■^■H.\^f :  We  have  had  two  prominent  cases  in  which 
we  have  installed  electric  heaters  with  pronounced  success.  We 
designed  an  oven  for  baking  bread  for  a  large  hotel,  and  this  oven 
has  been  in  use  for  a  year  in  making  pastry,  rolls,  and  everything 
<>t  that  kind,  in  designing  the  oven  we  put  in  a  large  amount  of 
porous  fire-brick.  All  the  heat  that  goes  into  the  oven  goes  in 
between  half  after  four  and  six  o'clock  in  the  morning,  and  we 
charge  two  cents  for  tlie  current.  The  experiment  has  been  very 
successful.  The  bread  is  much  praised.  They  had  a  gas  oven 
before,  but  the  proprietor  finds  the  use  of  electricity  to  be  a  great 
improvement. 

The  other  case  is  the  heating  of  eight  guest  rooms  in  the 
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same  hotel.  The  heaters  are  regulated  from  outside  the  room. 
When  the  proprietor  lets  a  room  he  turns  mi  tlie  heat,  and  when 
the  room  is  vacated  he  turns  it  off,  when  the  heat  is  no  longer 
necessary.  The  proprietor  is  afraid  to  have  gas  stoves  in  rooms 
occupied  by  guests.  He  is  going  to  put  six  more  heaters  in 
bathrooms  that  are  not  easily  reached  by  the  general  heating 
system  of  the  hotel. 

Another  installation  is  in  a  large  orphan  asylum.  The  babies* 
room  is  so  far  away  that  they  had  to  run  tlic  steam  pipe  200  feet. 
In  the  summer-time  they  have  a  little  heat  in  the  room  in  the 
morning  and  evening.     We  charge  them  three  cents. 

Mr.  Williams:  1  think  the  association  is  to  be  congratulated 
upon  receiving  this  paper  and  the  paper  on  a  similar  subject 
presented  last  year  by  Mr.  Ayer.  We  find  that  electric  heating 
is  a  subject  that  is  attracting  public  interest  to  an  almost 
phenomenal  extent,  and  of  all  our  advertising  material  none 
receives  such  wide  circulation  as  that  upon  electric  heating.  I 
have  in  my  hand  the  advertising  album  of  the  New  York  company, 
and  before  me  a  heating  circular,  the  first  edition  of  which  was 
100,000  copies,  and  it  has  been  necessary  to  duplicate  it  several 
times  to  meet  the  calls  of  the  public — not  arising  from  our  side, 
but  from  the  side  of  the  public — on  this  subject.  The  point  of 
the  circular  was  to  illustrate  the  various  devices  that  had  been 
put  on  the  market ;  their  probable  cost :  the  cost  of  installation 
for  the  smaller  devices,  also  the  cost  of  running  them  by  the  hour. 
For  examplcj  a  chafing  dish  costs  to  purchasers  $11  to  $21.50; 
to  use  for  fifteen  minutes,  r.8  cents — a  rate  figured  on  the  highest 
New  York  lighting  schedules.  A  waffle  iron  costs  to  purchase 
from  $7.50  to  $18;  to  use  for  fifteen  minutes,  3.5  cents — that 
means  for  the  entire  breakfast  period.  A  small  flatiron  may  be 
purchased  for  $5.00:  to  use  it  for  fifteen  minutes  costs  three- 
quarters  of  a  cent.  The  costs  of  use,  when  analyzed  in  that  way, 
become  practically  insigfnificant. 

I  do  not  think  that  as  a  rule  any  of  this  incidental  apparatus 
affects  the  household  bill.  In  advertising  recently  our  people 
adopted  the  method  of  writing  to  our  customers  and  asking  them 
if  they  had  any  of  the  following  devices  on  their  installation, 
then  enumerating  over  100  dtflferent  articles.  Even  the  electrical 
people  were  astonished  at  the  extent  to  which  electric  current  for 
heating  is  now  applied  to  these  various  devices. 
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We  advertise  electric  heating  by  circular  and  follow-up 
letters,  by  exhibitions  in  our  various  office  windows,  and  more 
recently  we  have  engaged  a  cook  who  goes  from  office  to  office, 
staying  in  each  a  month,  who  makes  various  things,  such  as 
waffles,  small  biscuits  and  chocolate,  all  of  which  is  served  to  the 
public  free.  This  has  been  a  popular  form  of  advertising,  to 
say  the  least. 

Mr.  McCahe;  At  the  last  meeting  of  the  Ohio  Electric  Light 
Association  Mr.  Hillman  read  a  paper  on  electric  heating  devices 
and  stated  that  tl^e  cost  of  cooking  by  electricity  for  a  family  of 
five,  at  five  cents  a  kilowatt-hour,  would  be  $6.00  a  month. 
That  was  in  his  family  at  Schenectady,  and  covered  a  period  uf 
six  months.  If  Mr.  Hillman  is  present,  I  am  sure  he  could  give 
us  some  interesting  information  on  this  subject. 

Mr.  H.  W.  Hillman  (Schenectady,  N.  Y.) :  My  experience 
has  now  reached  a  period  of  about  twenty  months — nearly  two 
years.  I  have  had  a  bill  from  the  Schenectady  Illuminating  Com- 
pany every  month  on  the  regular  schedule  of  issuing  bills  at  a 
five-cent  rate.  I  have  kept  tliese  bills  and  have  watched  them 
carefully.  For  electric  cooking  and  baking,  with  the  use  of  the 
iron,  some  miscellaneous  dining-room  work,  such  as  the  use  oi 
chafing  dish,  coffee  percolator,  et  cictera,  and  occasional  use  of 
the  air  heater  in  the  bathroom  and  den.  my  average  monthly  bill 
has  been  $6.00.  When  the  spring  season  approached  the  bill 
would  increase  perhaps  to  $8.00  or  $8.50,  never  higher  than  $g.oo. 
T  account  for  that  from  the  fact  that  the  air  heater  was  used  more 
frequently.  I  am  sure  the  average  bill  for  electric  cooking  and 
baking  and  the  use  of  the  iron  is  about  $*>.oo  per  month.  As  time 
goes  on.  and  with  greater  efficiency  and  interchangeable  devices, 
the  sum  can  %asily  be  brought  down  to  $4.50  or  $5.00  at  a  five- 
cent  rate.  The  conditions  arc  a  family  of  five,  including  a  servant. 
The  latter  is  a  Polish  girl  of  ordinary  intelligence,  who  has  been 
with  us  four  or  five  years  and  is  much  pleased  with  this  method 
of  equipment  in  the  kitchen  and  who  gets  along  with  it  very 
nicely. 

I  might  also  say  that  my  experience  has  covered  all  kinds  of 
ftevices,  all  the  different  makes.  I  have  changed  ovens,  broilers 
and  g^iddte-cake  cookers  from  time  to  time,  so  that  w^hat  I  am 
giving  is  conservative.  I  believe  that  later  the  cost  can  be  brought 
down. 
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particularly  about  the  girl's  room  ;  had  it  well  lighted,  well  heated, 
plenty  of  windows,  cool  in  summer  and  warm  in  winter.  We 
gave  very  particular  attention  to  that  point.  Following  that  out. 
it  is  much  more  convenient  for  a  girl  to  get  up  in  the  morning, 
say  at  seven  o'clock,  and  turn  on  a  flatiron  that  will  be  heated  in 
five  minutes,  than  to  get  up  at  half  after  five  and  go  down-stairs 
and  build  a  fire.  I  am  still,  in  my  present  house,  subject  to  the 
building  of  a  coal-range  fire  on  Monday  morning  for  washing; 
but  in  the  new  house  that  I  mention  I  am  arranging  for  heating 
units  in  the  boiler,  because  servants  absolutely  insist  upon  boiling 
the  clothes.  They  wash  easier.  With  that  arrangement  the  girl 
will  go  down-stairs  at  seven  o'clock  instead  of  half  after  five,  turn 
on  the  heat  for  the  boiler  heater  instead  of  making  up  the  laundry 
fire;  and  I  think  that  with  Monday  and  Tuesday  taken  care  of, 
and  the  conveniences  of  the  kitchen  outfit,  it  goes  a  long  way 
toward  retaining  a  good  servant. 

Mr,  Williams;  I  should  like  to  know  the  kind  of  apparatus 
that  Mr.  Hillman  has  for  heating  his  house.  It  would  be  a  great 
mistake  at  this  time,  under  present  circumstances,  to  advocate 
the  heating  of  buildings,  judging  from  our  own  experiences. 
Much  hann  would  come  to  the  heating  industry  as  a  whole  by 
any  initial  mistake  on  the  part  of  the  companies  in  urging  electric 
heating  for  general  use  in  place  of  coal  or  steam.  The  heating 
of  a  small  office  by  gas,  which  is  more  expensive  than  steam  or 
hot  air,  costs  at  a  rate  of  slightly  over  five  cents  a  kilowatt-hour, 
only  one-quarter  what  electric  heating  would  cost, 

W^e  have  a  heating  engineer  who  devotes  his  entire  time  to 
the  subject,  and  he  has  no  trouble  whatever  in  having  electric 
heating  adapted  successfully  in  the  mechanical  arts  where  heat 
quantity  and  heat  intensity  are  wanted.  In  printing  and  other 
manufacturing  arts,  there  is  nothing  to  compare  with  the  electric 
current ;  but  we  have  never  yet  failed  to  give  electric  heating  and 
electric  cooking  a  black  eye  where  we  have  assumed  its  use 
in  the  heating  of  buildings.  Any  company  starting  out  to  get  the 
larger  business  of  heating  buildings  injures  itself  and.  for  the 
time,  the  electric  hcatmg  and  cooking  industry. 

Mr.  Hillman:  I  do  not  mean  to  advocate  the  heating  ol 
buildings.  I  agree  with  you  in  every  way ;  but  I  do  think  the 
time  is  ripe  for  every  central-station  manager  in  this  room  to  put 
an  electric  air  heater  in  his  house  and  see  what  it  will  do  and 
what  it  will  cost. 
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Mr.  Gilchrist:  I  will  cite  one  instance  in  line  with  Mr. 
Williams'  talk.  A  director  of  our  company  has  an  estate  just 
outside  the  city  of  Chicago.  It  is  in  the  nature  of  a  lodge,  can 
hardly  be  called  a  house ;  it  has  six  or  seven  rooms.  He  came  to 
us  to  investigate  the  subject  of  electric  heating,  having  previously 
had  some  talk  with  the  people  who  manufactured  the  apparatus, 
la  spite  of  what  we  could  say  to  him,  he  insisted  in  putting  a 
dozen  radiators  in  the  house.  Everything  went  well  until  last 
January,  when  he  had  a  hill  of  $178,  net,  and  he  earned  a 
rate  on  our  Wright  demand  power  system  of  about  3.4  cents. 
He  insisted  that  he  had  not  at  any  time  been  able  to  keep  the 
temperature  of  the  house  more  than  12  degrees  above  the 
outside  temperature-  There  was  no  one  in  the  house  but  the 
servants,  and  the  apparatus  had  been  run  for  24  hours  a  day. 

Mr.  Gardiner:  In  emphasizing  the  remarks  of  Mr.  Williams, 
I  will  say  that  two  years  ago  in  Boston  we  had  a  critical  coal 
situation,  due  primarily  to  the  coal  strike  in  Pennsylvania,  and 
then  to  certain  teamster  complications  in  Boston.  The  offices  of 
the  gas  companies  were  daily  besieged  by  people  asking  if  we 
could  not  heat  their  houses  with  gas  and  heat  their  boilers  with 
gas,  saying  they  would  do  anything — go  to  any  expense — to  heat 
with  gas ;  they  literally  could  not  get  coal,  in  many  instances. 
One  gas  company,  for  instance,  had  an  involuntary  increase  of 
40  per  cent  over  the  corresponding  day  of  the  preceding  year, 
due  to  the  demand  made  upon  it  by  the  public  in  small  heating 
appliances.  The  gas  companies  invariably  said,  "No,  you  can  not 
heat  your  building  with  gas."  I  do  not  mean  to  say  you  can  not 
use  a  little  radiator ;  you  can  do  that  more  economically  than  you 
can  run  a  furnace ;  but  you  can  not  have  the  bulk  of  your  heating 
done  with  gas. 

It  seems  to  me,  in  view  of  that  condition,  that  it  is  extremely 
rash  to  advocate  any  air  heating,  or  heating  a  hot- water  system, 
by  electricity.  I  refer  to  having  the  hot-water  heater  in  the 
basement,  we  will  say  :  the  water  heated  by  electricity  and  the 
heat  then  distributed  by  hot-water  circulation.  I  think  it  is  rash 
to  allow  the  public  to  think  that  there  is  any  possibility  of  that, 
It  simply  creates  discontent  and  trouble  for  the  electric  com- 
panies. The  gas  company  has  taken  that  attitude,  and  the  electric 
companies  should  very  much  more  do  so. 

Mr.  C.  R.  Maunsell  fTopeka.  Kan.) :   I  have  been  intensely 
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interested  in  this  discussion  on  electric  heating  utensils,  but  it 
seems  to  me  there  is  one  field  that  has  not  been  referred  to :  that 
is  steam  heating  for  air  heating  of  the  house.  We  are  throwing 
away  about  85  per  cent  of  our  heat  in  exhaust  steam.  If  that 
is  applied  for  air  heating,  and  the  utensils  here  spoken  of  are 
heated  by  electricity  for  convenience  and  comfort,  I  think  we 
can  develop  a  large  field  in  such  a  combination. 

Mr.  H.  C.  Abell  (New  York  city):  With  coal  at  $4.00 
per  ton.  you  get  70.000  B.  t  u.  for  one  cent.  With  gas  at 
$1.00  per  1000  cubic  feet  you  get  6500  R.  t.  u,  for  one  cent. 
With  electric  current  at  five  cents  per  kilowatt-hour,  you  get 
680  B.  t.  u.  for  one  cent ;  at  an  efficiency  of  100  per  cent  in 
each  case. 

Mr.  Ayer:  In  all  that  I  have  said  to-day  I  have  tried  to 
point  out  the  idea  of  the  members  using  the  electric-heating 
appliances  of  the  smaller  class  to  strengthen  their  hold  upon 
their  customers.  The  thing  a  person  finds  useful  and  valuable 
is  the  thing  you  want  to  put  into  his  hands.  If  a  person  gets  a 
water  boiler,  or  a  little  device  of  any  kind,  a  fiatiron,  or  any  of 
the  heating  appliances,  in  his  home,  you  have  ncrt  only  increased 
the  usefulness  of  your  current  supply,  but  you  are  doing  mission- 
ary work  in  educating  your  customers  to  a  further  use  of  elec- 
tric current.  But  to  advocate  that  \uu  go  home  and  make 
attempts  to  secure  a  wholesale  application  of  electric  heating  is 
not  my  intention.  In  the  first  place,  when  you  come  to  install- 
ing kitchen  outfits,  when  you  go  into  the  larger  application  of 
these  things,  you  must  be  infortned  about  the  goods  you  are 
putting  out;  you  must  know  the  goods  themselves,  must  have 
had  experience  with  them.  This  is  not  a  thing  that  you  will 
learn  in  a  day.  It  is  not  difficult  to  learn  about  the  shuple 
things ;  nevertheless,  it  is  the  simple  things  that  you  must  master 
by  closer  acquaintance  with  them  before  you  will  be  in  a  posi- 
tion to  put  them  out  to  the  general  public  who  will  have  no 
appreciation  of  the  principles  involved  in  heating  methods.  They 
do  not  appreciate  the  value  of  intimate  contact  with  these  appli- 
ances, and  the  host  of  little  lessons  to  be  learned. 

In  the  paper  I  read  on  this  subject  last  year  I  gave  definite 
detailed  data,  and  gave  you  advice,  which  I  shall  not  repeat  now. 
but  it  was  to  the  eflfect  that  you  should  install  in  your  own 
houses  the  apparatus  with  which  you  can  and  wiJ!  do  business 
in  the  future. 


As  to  the  cost  of  general  cooking,  you  can  safely  figure 
that  the  cost  for  electricity  must  be  down  to  three  cents  per 
kilowatt-hour  to  be  on  a  par  with  good  dollar  gas.  The  calorific 
value  of  gas  varies  some,  the  efficiency  of  the  devices  in  which 
it  is  used  varies^  and  all  that ;  but  the  record  from  a  large  mass 
of  data  shows  that  to  be  an  average  upon  which  you  can  count. 
VVith  two  families  using  the  same  kind  of  gas  stove,  where  there 
is  the  same  character  of  living  and  the  same  number  of  people, 
there  will  be  a  variation  in  the  bills.  The  factor  of  the  personal 
equation  conies  in.  in  the  methods  of  handling  the  apparatus. 
But  there  is  a  law  of  averages,  and  the  statement  that  it  will 
take  a  kilowatt  per  person  per  day  to  do  all  the  cooking  for 
three  meals  for  a  family,  will  be  found  to  be  a  safe  average 
for  a  family  of  three  persons  and  upward.  It  will  not  vary  much 
with  the  increased  size  of  the  family:  about  333  watts  per  meal 
per  person.  That  involves  a  regular  dinner,  cooked  by  a 
servant  in  the  regular  way;  not  in  the  hands  of  experts  or  of 
people  who  are  checking. 

As  to  the  wiring  of  a  house,  it  is  a  simple  matter  to  take 
care  of  the  kitchen  installation  by  running  a  separate  pair  of 
mains,  which  do  not  need  to  be  large,  from  the  main  entrance 
wires  of  the  house  to  the  kitchen.  It  does  not  need  to  be  very 
expensive.  The  allowance  of  current  for  the  average  family  of 
four  to  six  persons  varies,  but  it  should  be  at  least  35  amperes, 
on  110  vohs.  That  is  the  maximum  demand  likely  to  occur  in 
any  kitchen. 

Where  people  want  hot  water  they  can  secure  an  ordinary 
type  of  kitchen  boiler,  varying  in  capacity  from  35  to  40  gal- 
lons, with  a  heater  of  maximum  capacity  not  exceeding  2500 
watts;  they  can  install  the  electric  heater  and  use  it  with  good 
success.  What  is  required  for  the  bath  in  a  small  way  is  not 
a  very  heavy  expense.  The  boiler  should  be  located,  and  is  fre- 
quently put  in  the  water  main,  right  in  series  with  the  kitchen 
boiler.  In  other  cases,  where  it  is  wanted  for  the  bath  alone,  a 
five-gallon  or  ten-gallon  boiler  is  put  on  the  water  main  in  the 
bathroom.  An  hour's  run  at  about  two  kilowatts  will  give  a 
sufficient  quantity  of  hot  water  for  an  ordinary  bath,  about  30 
gallons.  It  is  a  question  of  rates  as  to  whether  you  want  to 
encourage  that  practice  or  not.  Where  you  sell  current  at  five 
cents,  people  will  be  glad  to  pay  ten  cents  for  a  bath.     Where 
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you  attempt  to  heat  water  in  the  kitchen  and  utilize  it  as  hat 
water  is  generally  used,  for  dish-washing,  et  cceiera,  with  the 
large  incidental  waste,  it  is  impracticable ;  although  some  peo- 
ple do  these  things  in  that  way. 

I  have  in  mind  a  dozen  stations  where  they  have  installed 
hot- water  boilers  for  cleaning  lamp  globes,  and  where  a  careful 
check  has  been  made  it  has  been  found  that  the  average  supply  of 
current  to  the  boiler  is  about  500  watts  per  hour  through  the 
day. 

In  the  paper  presented  last  year  I  gave  you  some  tables  that 
tell  how  many  watts  it  will  take  to  get  a  definite  amount  of 
water  heated  to  a  definite  temperature.  This  matter  of  water 
heating  and  air  heating  is  very  interesting;  but  it  is  mighty 
important  how  you  tackle  the  work.  But  as  to  the  smaller 
appliances  there  is  no  question,  and  I  suggest  that  you  get  a 
stock  of  these  appliances  and  push  them.  They  will  push  you 
into  more  business  and  compel  you  to  learn  more  about  the 
general  subject. 

(The  meeting  adjourned  until  half  after  two  o'clock.) 


SIXTH   SESSION 

President  Davis  called  the  meeting  to  order  at  half  after 
two  o'clock. 

The  Pkesident:  The  first  business  will  be  the  piesenta- 
tiun  of  U'riftkles,  by  Mr.  H.  C,  Abell,  of  New  York  city.  I 
thank  Mr.  Abell,  personally,  and  I  believe  all  the  members  of 
the  association  will  join  with  me,  for  the  satisfactory  manner 
in  which  his  duties  have  been  discharged  and  the  report  pre- 
pared. As  the  report  is  printed  and  our  time  limited.  I  do  not 
believe  it  will  be  necessary  to  rea<l  the  report  in  full.  We 
should  be  glad  to  hear  from  Mr.  Abell. 

Mr.  Abell:  As  the  president  has  said,  the  report  being 
printed.  I  do  not  think  it  necessary  to  read  it.  I  should  like, 
however,  Mr.  President  and  gentlemen,  to  say  a  word  with 
regard  to  the  meaning  of  the  word  "wriiikk."  Wrinkle,  a  curi- 
ous or  ingenious  notion  or  device,  a  hit  of  useful  information, 
c/  c<Tlcra.  is  derived  from  the  verb  "wring,"  to  squeeze  or  press 
out  by  twisting  or  force.  As  it  was  a  question  whether  or  not 
1  could  apply  the  root  of  the  noim  that  might  have  produced 
more  wrinkles  on  paper,  I  submit  the  results  obtained  by  less 
forceful  means. 

I  will  not  take  the  valuable  time  of  the  association  in  read- 
ing what  has  been  printed,  but  will  merely  mention  two  or  three 
points.  You  will  notice  that  I  have  included  some  rules  and 
regulations — Wrinkle  A  2.  This  was  included  as  a  bit  of  use- 
ful information  for  members  to  add  to  or  take  from,  giving 
ideas  to  those  desirous  of  drawing  up  rules  for  employees. 
Wrinkle  C  14  should  have  been  included  in  Section  F,  as  it 
refers  to  boilers,  and  not  in  Section  Cj  referring  to  lines,  trans- 
formers, and  so  forth. 

I  take  great  pleasure  in  thanking  the  members  of  the  asso- 
ciation and  the  assistant  secretary,  who  so  kindly  contribvited 
to  and  assisted  in  the  compilation  of  the  publication  I  submit. 

The  President  :  Mr.  Abelt's  report  is  accepted  with  the 
thanks  of  the  association. 

{ IVrinktes  will  be  found  complete  in  Volume  II  of  the  Pro- 
ceedings.) 

The  President:  The  next  business  will  be  the  report  of 
the  committee  on  district  heating,  Mr.  W.  H.  Blood,  Jr.,  of 
Seattle,  chairman. 


Mr.  Blood  read  the  following  report: 

REPORT  OF  THE   COMMITTEE   ON    DISTRICT 

HEATING 


Mr.  Pkesident  and  Gentlemen  : 

Your  Committee  on  District  Heating  begs  to  submit  the 
following  report.  The  stattmeiits  made  therein  are  based  largely 
upon  data  previoiisl)'  collected  for  the  association  and  uix)n  the 
personal  observations  and  experiences  of  the  members  of  the 
committee  in  operating  district  heating  plants. 

Your  committee  has  resorted  to  this  method  of  procedure 
partly  because  of  the  non-success  experienced  by  previous  com- 
mittees in  response  to  their  requests  for  precise  information  on 
this  subject  from  the  manag^ers  of  various  companies  engaged  in 
the  steam-heating  business,  and  partly  in  view  of  the  fact  that  the 
heating  season  in  some  localities  does  not  end  until  May,  which 
woukl  not  allow  sufficient  time  to  tabulate  information  for  the 
current  year. 

To  every  electric  light  manager  the  following  questions  at 
some  time  or  other  present  themselves : 

First — Is  district  heating  (jrofitable? 

Sccomi — What  conditions  must  be  taken  into  consideration  in 
determining  whether  or  not  it  should  be  undertaken  in  my  par- 
ticular locality  ? 

In  the  report  of  last  year's  committee  we  find  that,  of  the 
companies  answering  the  questions  subtnitted.  84  per  cent  stated 
that  "from  all  points  of  view  their  investment  in  the  heating 
business  was  a  good  thing,"  and  that  16  per  cent  were  not  satisfied 
with  this  business ;  and  on  the  assumption  therefore  that  district 
heating  is  profitable  under  certain  conditions  we  have  prepared 
this  report. 

We  submit  (r)  scwne  points  that  should  be  taken  into  con- 
sideration when  contemplating  the  installation  of  a  district  heating 
plant;  (2)  a  few  suggestions  as  to  how  this  portion  of  the 
business  should  he  managed;  (3)  an  attempt  at  a  comparison  of 
rates,  and  (4)  a  set  of  ades  relative  to  customers'  installations. 
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(l)    C(TN  SI  DERATIONS   RELATIVE  TO   THE   INSTALLATION    OF    A   DIS- 
TRICT   HEATING    PLANT 

External  Conditions 

Nearly  all  the  old  Edison  plants,  and  in  fact  all  direct-current 
plants,  are  located  near  enough  to  the  centre  of  distribution  to 
warrant  district  heating.  Fur  a  central  station  which  is  a  mile 
or  more  away  from  the  centre  of  the  city,  district  heating  is  gen- 
erally out  of  the  question.  On  the  other  hand,  a  plant  located  near 
tlie  centre  of  the  city  niay,  under  certain  conditions,  supply  cus- 
tomers within  a  mile  radius. 

As  a  general  proposition,  cities  of  20,000  population  or  over 
have  well  defined  and  thickly  settled  business  centres.  Ttiis  is 
also  sometimes  true  of  cities  down  to  10,000  papulation,  hut  below 
this  size  it  often  happens  that  vacant  lots,  one-story  buildings  or 
temporary  structures  are  so  numerous  that  the  income  per  foot 
of  street  main  ttoe.s  tuH  warrant  the  investment.  It  is  evident  that 
the  farther  away  from  the  plant  the  customer  is  located,  the  poorer 
will  be  the  service  he  receives;  if  steam  is  supplied  the  more 
moisture  will  it  contain,  and  if  hot  water  is  used  the  hiwer  will  he 
its  temperature  when  it  reaches  him. 

The  number  of  customers  and  the  quantity  of  heat  tliat  they 
require,  or,  in  other  words,  the  density  of  the  load,  is  an  important 
factor  which  must  be  taken  into  consideration.  This  is  hirg^ely 
governed  by  the  class  of  business,  whether  resitlential  or  commer- 
cial. As  a  general  rule,  the  commercial  business  is  the  better  in 
every  way,  since  not  only  is  the  income  derived  from  it  greater  per 
foot  of  main,  but  the  amount  of  heat  required  per  cubic  foot  of 
space  so  used  is  less  proportionately,  for  the  reasons  that  the 
buildings  arc  not  used  at  night,  are  less  exposed,  and  usually  have 
thick  masonry  walls.  Residences  are  generally  exposed  on  all  four 
sides,  have  large  window  area,  and  require  heat  twenty-four  hours 
per  day.  Tlie  service  runs  for  commercial  business  are  almost  in- 
variably shorter  than  those  for  residences,  and  in  many  cases  one 
such  service  can  he  arranged  to  ser\'e  two  or  more  customers. 

Changes  in  the  population  of  his  city  should  receive  the  man- 
ager's closest  scrutiny,  for  if  the  city  is  growing  rapidly  it  is 
essentia]  at  least  to  keep  pace  with  its  growing  demands.  On  the 
other  hand,  it  is  a  pretty  safe  rule  that  in  a  city  which  is  at  a 
standstill,  or  is  falling  off  in  poptdation.  one's  investment  should 
not  be  increased  unless  valuable  economies  can  be  effected  therebv. 
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In  a  city  not  supi^ied  with  district  heat,  there  comes  a  time  when 
ilic  undertaking  of  this  branch  of  t!ie  business  must  be  considered 
bv  the  electric  light  company.  If  the  opportunity  is  allowed  to 
pass,  it  may  be  taken  up  by  some  new  company  as  an  entering 
wedge  to  serving  the  public,  and  perhaps  greatly  to  the  disadvan- 
tage of  the  older  company. 

A  company  just  entering  the  heating  field  should  be  able, 
w  ithout  much  difficulty,  to  secure  contracts  for  most  of  the  bui]d-< 
iiigs  that  are  already  piped.  If  exhaust  (or  live)  steam  is  to  be 
i;scd,  this  does  not  entail  any  additional  expense  to  the  customer 
in  changes  to  his  installation ;  tliat  is,  if  his  building  is  piped  for 
cither  hot  water  or  for  steam  it  can  be  handled  from  a  district 
steam-heating  plant.  If,  however,  hot  water  is  to  be  distributed, 
an  installation  arranged  for  steam  will  require  remodelling  before 
it  can  be  so  served.  If  the  company  secures  all  this  business  at 
the  start,  it  has  therein  an  excellent  nucleus  to  work  on  ;  and  as  the 
popularity  of  tlie  service  increases  and  as  furnaces  break  down,  so 
the  district  heating  business  will  grow. 

An  element  of  extreme  importance  in  this  consideration  is 
the  relation  of  the  cost  of  steam  coal  to  that  of  domestic  coal.  Th« 
greater  the  difference  between  the  two  in  any  given  locality,  th< 
greater  the  profits  to  the  company  from  the  business,  and  thef 
stronger  the  inducements  to  the  consumer  to  use  the  district  heat. 
In  cities  where  steam  coal  costs  from  $i  oo  to  $2.00  and  where 
domestic  coal  runs  from  $4.00  to  $9.00,  the  company  has  much  in 
its  favor,  and  should  be  able  to  make  rates  that  are  at  once  at- 
tractive to  the  public  and  profitable  to  itself.  With  forty  corn- 
pan  its  that  report  that  they  are  doing  a  satisfactory  business,  the 
average  price  of  steam  coal  is  $2.18.  while  the  average  price  of 
fJomestic  coal  is  $5.74.  Among  these  same  companies,  where  the 
hardest  operating  conditions  exist,  steam  coal  is  quoted  at  $1.17 
and  domestic  coal  at  $1.50.  On  the  other  hand,  one  company 
reports  that  it  pays  but  $4.00  for  steam  coal,  whereas  domestic 
coal  costs  $10  per  ton. 

It  is  a  noticeable  fact  that  most  of  the  district  heating  plants 
in  this  country  are  located  in  the  great  middle  belt.  For  obvious 
reasons,  district  heating  systems  are  not  required  much  to  the 
south  of  Ohio,  Indiana,  Illinois.  Missouri  and  Kansas,  while  in 
these  .states  and  to  the  east  and  slightly  to  the  north  they  seem  to 
flourish.    That  we  find  few  plants  in  the  extreme  north  is  not  so 
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much  due  to  the  fact  that  the  average  yearly  temperature  in  these 
i.orthern  states  is  very  much  less  than  in  the  southern  states,  but 
because  during  the  occasional  periods  of  extremely  low  tempera- 
ture every  year,  the  demand  upon  the  plant  for  heat  becomes 
excessive,  and  unless  people  can  rely  upon  plenty  of  heat  at  all 
times  they  will  not  become  customers.  A  more  attractive  field  for 
district  heating  is  a  location  where  the  cold  is  not  so  extreme,  but 
moderate  and  fairly  steady. 

The  length  of  the  season  is  a  factor  to  be  considered,  espe- 
cially when  heat  is  furnished  on  any  flat-rate  system,  i.  c.  per 
square  foot  of  radiating  surface  per  season,  per  cubic  foot  contents 
per  season,  et  crviera.  When  on  a  meter  basis,  however,  the  length 
of  the  season  is  of  much  less  importance.  It  is  well  to  avoid,  in 
general,  the  making  of  contracts  requiring  heat  during  the  sum- 
mer months. 

A  city  that  is  large  enough  to  support  a  district  heating  plant 
is  quite  sure  to  have  its  streets  already  more  or  less  occupied  by 
water  pipes,  sewers,  gas  mains,  telephone  conduits,  and,  possibly, 
electric  light  subways.  The  location  of  these  public  service  utilities 
sliould  be  carL-fuUy  investigatcil,  and  with  this  information  at  hand 
correct  large  scale  drawings  should  be  made  showing  every  ob- 
struction, so  that  the  best  location  for  the  district  heating  mains 
may  be  selected.  Differences  in  elevation  must  be  carefully  ascer- 
tained, for  with  a  hot-water  district  heating  plant  these  are  serious 
factors,  though  with  steam  heat  they  are  of  comparatively  small 
importance,  except  tbat  condensation  in  the  mains  and  proper 
sub-drainage  must  be  cared  for. 

Internal  Conditions 

What  to  do  with  his  exhaust  steam  ts  a  question  for  the 
manager  to  (kcide.  Which  is  best :  to  install  condensers  and 
thereby  increase  the  efficiency  of  the  engines  20  per  cent  or  more, 
and  the  capacity  as  well ;  or  to  sell  this  by-product  as  it  is,  in  the 
form  of  heat?  If  the  rates  obtainable  are  fair,  that  is,  if  the  heat 
can  be  sold  nearly  on  a  live  steam  basis,  the  plant  should  receive 
from  the  latter  course  at  least  three-quarters  of  the  original  value 
of  the  steam;  while  a  condensing  outfit  would  save  but  one- 
quarter  to  one-third  of  its  value.  If  water  for  condensing  is  not 
available,  the  argument  for  district  heating  is  strengthened.  Very 
many  plants  have  short  and  sharp  winter  peak  loads :  and  it  would 
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seem  that  under  such  conditions  their  managers  might  be  war- 
ranted in  installing  some  inexpensive,  simple,  non-condensing 
engines,  the  exhaust  from  which  would  be  well  utilized  for  heating 
purposes;  or  it  might  even  prove  to  be  best,  under  proper  condi- 
tions of  load  and  fuel  costs,  to  install  condensing  apparatus  which 
would  be  run  during  the  summer,  but  which  in  the  heating  season 
would  be  cut  out.  the  exhaust  steam  being  then  utilized  on  the 
heating  system.  The  use  of  the  exhaust  steam  for  heating  will 
necessitate  the  carrying  of  some  back  pressure  on  the  engines, 
thereby  reducing  both  capacity  and  efficiency,  a  point  not  to  be 
lost  sight  of. 

Before  making  the  investment,  the  manager  desires  to  know 
what  income  he  may  expect  and  how  many  square  feet  of  radiation 
his  exhaust  steam  will  care  for.  Knowing  the  pounds  of  water 
ptr  horse-power  per  hour  consumed  by  his  engines,  and  referring 
to  his  load  curve  of  the  previous  winter,  he  can  readily  figure  the 
minimum  amount  of  exhaust  steam  that  can  be  counted  on  for 
any  single  hour,  and  this  should  be  the  basis  of  his  figures.  Now 
come  certain  deductions:  feetl-watcr  heaters  and  station  leakage 
will  probably  take  15  per  cent,  while  losses  in  mains  and  services 
may  be  as  much  more,  though  on  tht-  latter  point  we  can  cite  one 
plant  where  the  losses  are  less  than  3  per  cent. 

The  returns  that  we  get  from  steam-heating  plants  indicate 
that  it  is  safe  to  figure  for  ordinary  conditions  about  .20  pound 
of  water  j>er  hour  per  square  foot  of  ratliation  (varying  from  .05 
to  .50).  As  all  the  consumers  are  not  using  the  steam  at  the  same 
time,  particularly  if  un  a  meter  basis,  the  load  factor  should  be  no 
more  neglected  than  in  tJie  lighting  business.  Naturally,  with  the 
heating  business  this  is  higher;  and  if  we  use  the  figure  of  85  per 
cent  we  .shall  probably  be  on  the  safe  side. 

Together  with  tSie  above  must  be  tigured  the  interest  charges 
on  the  total  underground  installation  and  that  portion  of  the 
central  station  plant  which  is  used  for  heating  purposes ;  and 
lastly — depreciation — an  item  that  is  often  neglected  but  which 
should  nevertheless  be  estimated.  From  the  best  evidence  at 
hand  the  last  item  seems  to  be  about  5  per  cent  per  annum  on  the 
total  cost  of  the  investment. 

It  is  a  well-recognized  fact  that  a  district  heating  system  has 
often  enabled  a  company  to  secure  contracts  for  light  and  power 
which  it  would  not  otherwise  have  obtained.    These  then  produce 
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an  increase  in  load  which  in  turn  supphes  more  exhaust  steam  to 
Sell  fur  heat, 

Thuugh  it  is  generally  considered  good  practice  to  limit  the 
heating  business  to  that  which  can  be  taken  care  of  by  the  exhaust 
steam,  in  many  cases  live  steam  has  to  be  supplied  at  certain  times 
in  order  to  give  good  service.  Where  this  condition  exists  and  the 
demand  on  the  live  steam  increases,  it  soon  becomes  necessary  to 
set  aside  or  to  install  a  boiler  solely  for  this  purpose.  Then  comes 
the  turning  point  of  the  plant.  The  chances  are  that  it  is  selling 
live  steam  on  an  exhaust-steam  basis,  and  it  soon  becomes  evident, 
if  the  question  is  investigated,  that  theit.  is  no  profit  in  the  busi- 
ness. This  condition  of  affairs  has  occurred  repeatedly  and  in 
many  cases  has  both  cut  down  the  net  earnings  of  the  company 
and  given  the  heating  business  a  bad  name. 

The  lower  the  load  factor  of  the  plant,  the  less  the  induce- 
ment to  undertake  the  heating  business.  In  genera!,  a  railway 
plant  is  better  adapted  to  care  for  district  heating  with  its  exhaust 
than  is  a  simple  lighting  plant.  As  railway  plants  are  generally 
located  on  the  outskirts  or  in  the  country,  the  heating  business 
may  be  considered  as  belonging  more  especially  to  lighting  com- 
oanies  and  must  usually  be  cared  for  by  them. 

While  it  is  true  that  the  demand  for  heat  comes  at  about 
the  same  time  of  the  year  as  docs  the  demand  for  light,  yet  it  is 
also  true  that  it  may  nut  come  at  the  same  time  of  the  day  that  the 
plant  is  producing  its  maximum  amount  of  exhaust  steam ;  in  other 
words,  (he  lighting  peak  and  the  heating  peak  may  not  be  coinci- 
dent, and,  in  fact,  there  is  no  reason  why  tliev  should  be. 

•J 

So  long  as  tlie  demand  docs  not  exceed  the  supply  of  exhaust 
steam,  but  follows  it  closel>',  and  the  rates  arc  kept  up,  tlie  plant 
is  in  a  fair  way  to  make  money,  but  any  plant  that  undertakes  to 
sell  live  steam  on  an  exhaust-steam  basis  is  doomed  to  failure. 

(2  )     MANAGEMENT  OF  A  DISTRICT  HEATING  BUSINESS 

While  there  are  no  essential  differences  in  the  principles  of 
good  management  as  applied  to  the  supply  of  heat  or  of  electricity 
from  central  stations,  it  is  well  to  consider  some  of  the  special 
features  in  the  management  of  a  heating  business  that  seem  to 
have  received  insufficient  attention  and  have  been  the  causes  of 
failure  in  some  instances. 

The  problems  of  management  properly  begin  with  the  incep- 
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tion  of  the  enterprise.  I)ut  it  may  lie  assumed  for  present  purposes 
that  the  plant  has  beeii  installed  in  accordance  with  the  best  prac- 
tice of  the  day.  It  is  probable  tliat  the  heating-  plant  owes  its 
existence  primarily  to  the  fact  that  there  is  available  a  quantity  of 
exhaust  steam  which  it  is  proposed  to  utilize  for  heating  buildings, 
tht-rrby  deriving  some  revctnie  from  the  heat  otherwise  wasted. 
To  the  facts  that  any  revenue  received  from  this  source  is  looked 
upon  as  net  gain  and  that  managers  fail  to  properly  estimate  tJie 
real  value  of  the  service  to  the  consiinier.  are  due  most  of  the 
reports  of  unsuccessful  ventures.  Wliether  rates  be  by  meter  or 
per  unit  nf  heating  surface  or  of  space,  the  tendency  is  to  estimate 
ihe  cost  nf  the  service  and  its  value  too  low.  The  consequence  is 
tl-at  the  heating  account,  if  charged  with  its  due  proportion  of 
expenses,  shows  a  deficit.  Tiie  evident  remedy  is  to  raise  the 
rates,  but  if  done  sufficiently  to  put  the  business  on  a  paying 
basis  at  once,  this  is  an  uny^lea-'^ant  task,  although  undoul)tedl\ 
better  than  if  done  piecemeal. 

That  I  lie  service  is  of  special  value  and  is  popular  wherever 
introduced  is  evidenced  by  its  rapid  growth  and  by  the  many 
requests  for  extensions  of  mains  and  service  connections  with 
which  every  manager  is  favorct  without  effort  on  his  part  of 
advertising  or  of  soliciting,  in  many  instances  the  absence  of 
furnace  smoke  and  dust  makes  the  service  worth  twice  its  cost 
to  a  ciistonier  whose  stock  of  goods  is  of  a  delicate  character. 

The  insurance  premiums  are  slightly  lower.  fx>th  on  build- 
ings and  on  stock,  when  liie  heating  is  supplied  from  outside 
sources   rather   than   from   furnaces  or   from  local  boilers. 

It  is  essential,  therefore,  tliat  rates  be  carefully  fixed  at  the 
beginning  of  operations  and  that  the  cost  of  generating  and  dis- 
tributing heat,  plus  proper  investment,  depreciation  and  dividend 
charges,  be  the  basis  of  such  rates.  While  it  may  be  possible  to 
compare  with  the  daily  and  monthly  toad  curves  of  the  central 
station  a  hypothetical  curve  representing  the  amount  of  heat  re- 
quired by  buildings  of  given  dimensions,  and  thus  estimate  how 
much  of  the  available  exhaust  steam  can  be  utilized  and  how 
much  live  steam  must  be  added,  the  result  is  at  best  an  approxima- 
tion. The  only  safe  and  reasonable  rate  is  that  based  on  the  cost 
of  supplying  heat  direct  from  the  coal  pile.  or.  in  other  words,  on 
a  live-steam  basis.  Any  exhaust  available  with  rates  thus  fixed 
can,  of  course,  he  used  to  advantage. 
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If  the  healing  business  is  to  stand  upon  its  own  merits,  it  is 
unwise  to  go  into  it  on  any  other  basis  than  that  indicated  above. 
If,  liowever,  it  is  the  intention  to  supply  heat  where  so  doing 
secures  good  consumers  of  electricity  and  for  the  express  purpose 
of  getting  such  consumers,  it  brings  up  entirely  different  con- 
siderations. In  this  connection  it  Js  well  to  note  that  the  lieat 
required  for  buildings  tliat  might  be  consumers  of  both  electricitv 
and  heat,  is  so  great  that  even  if  all  the  exhaust  steam  of  the 
entire  plant  were  utilized  for  them  there  still  might  be  a  de- 
ficiency ;  in  other  words,  the  ordinary  building  requires  more 
st^am  to  heat  it  than  to  light  it.  It  therefore  behooves  the  care- 
ful manager  to  direct  the  growth  of  business  on  the  heating  system 
in  tlie  direction  that  will  bring  the  greatest  number  of  good  con- 
sumers of  electricity,  and  to  this  end  all  extensions  of  mains 
should  be  carefully  considered,  remembering  that  tlie  supply  of 
heat  is  limited.  It  naturally  follows  that  the  necessity  for  solicit- 
ing or  advertising  the  heating  business  alone  seldom  exists  after 
the  first  or  second  season. 

It  is  a<lvisable  to  limit  the  service  connections  made  in  street 
mains  to  the  fewest  possible,  making  extensions,  wherever  prac- 
ticable, from  service  pipes  in  adjacent  buildings,  with  due  regard, 
however,  for  the  capacity  of  the  service  from  which  the  extension 
is  made.  For  this  and  other  reasons,  it  is  essential  that  all  service 
pipes,  exiensiinT^  nf  same  and  service  valves  should  be  laid  and 
owned  by  the  central  station. 

In  the  interest  of  satisfactory  and  economical  operation  from 
the  consumer's  point  of  view,  all  interior  piping  and  connections 
to  radiators  should  he  installed  so  as  to  give  complete  and  positive 
circulation,  with  minimum  friction  losses  and  without  noise  of 
any  kiml.  To  this  end.  it  is  well  to  publisb  standard  regidalions 
governing  the  character  of  the  installations,  and  to  give  the  pros- 
j.ective  consumer  all  tbe  assistance  possible  in  the  way  of  advice, 
sketches  and  specifications  for  the  installation  of  bis  apparatus. 

The  .same  liberal  policy  should  he  followed  in  caring  for  com- 
plaints receivctl  from  consumers,  for  by  so  doing  it  is  easier  to 
keep  in  touch  with  the  character  of  the  service  and  to  remedy 
any  defects,  even  if  some  troubles  are  thus  taken  care  of  which 
might  pmperly  have  been  referred  to  the  plumber  or  steam  fitter. 

A  careful  inspection  of  all  interior  appliances,  to  make  sure 

that  evervthing  is  in  proper  condition  and  that  the  installation  is 
27 
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made  in  accordance  with  the  requirements  before  the  heat  is  turned 
on,  is  the  best  means  of  securing  a  satisfied  customer  and  a 
minimum  number  of  complaints. 

The  question  of  making  the  heating  business  a  department 
by  itself,  with  a  separate  system  of  accounting,  is  largely  a  matter 
of  local  conditions  and  of  the  size  and  importance  of  the  enter- 
I>rise.  If  made  a  separate  department,  the  system  of  accounting 
would  naturally  parallel  the  existing  system. 

If  the  same  degree  of  care  is  exercised  in  the  management  of 
tlie  heating  branch  of  the  business  and  in  its  inception,  develop- 
ment and  conduct,  as  is  shown  in  the  other  established  and  suc- 
cessful departments,  there  need  be  no  reason  to  anticipate  a  failure. 


(3  I    A   CO.\1I'.\RISON    OF   RATES 

Using  the  data  at  hand,  an  effort  has  been  made  to  answer 
the  following  questions  in  regard  to  steam-heating  rates : 

(i)  Can  a  rlefinitc  relation  be  established  between  a  meter 
rate  and  a  flat  rate  under  the  same  conditions  of  service? 

(2)  Should  this  rate  be  based  on  the  number  of  square  feet 
of  radiation,  or  cubic  feet  of  space  heated,  or  the  equivalent  cubic 
feet  of  space  heated? 

(3)  Should  customers  be  charged  the  same  flat  rate  inde- 
pendent of  the  kind  of  service,  or  should  they  be  classified  and 
charged  accordingly? 

Before  examining  the  data,  it  seems  advisable  to  consider 
certain  general  relations. 

Theoretically,  a  meter  rate  is  the  only  equitable  method  of 
charging,  but  practically  it  may  be  found  that  a  flat  rate  will 
answer  the  purpose  fully  as  well.  The  previous  failures  to  pro- 
duce a  reliable  meter  had  until  recently  prevented  the  general 
adoption  of  this  system  of  charging,  but  from  the  success  of  the 
past  year  with  new  meters,  and  with  the  assurance  from  the  manu- 
facturers of  still  further  improvements,  it  is  probable  that  the 
meter  basis  of  charging  will  become  more  popular. 

When  electricity  is  sold  on  a  flat-rate  basis,  the  consutner 
invariably  leaves  lights  burning  at  times  when  they  are  not  needed, 
simply  because  it  adds  somewhat  to  his  comfort,  for  generally 
speaking,  too  much  light  is  impossible.  On  the  other  hand,  too 
much  heat  is  not  only  possible  but  is  nearly  as  bad  as  too  little, 
and  the  consumer  naturally  takes  pains  to  shut  off  the  steam  when 
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the  room  begins  to  be  uncomfortable.  Although  there  is  a  wide 
difference  of  opinioti  in  regard  to  the  amount  of  light  required  for 
proper  illumination,  it  is  generally  conceded  that  the  temperature 
of  a  room  should  not  be  far  above  or  below  75  degrees  Falirenheit. 
This  would  seem  to  form  a  strong  argument  in  favor  of  a  flat-rate 
system. 

If  a  flat  rate  is  established,  it  is  necessary  to  decide  whether 
the  rate  shall  be  based  on  the  square  feet  of  radiation  installed,  or 
on  the  cubic  feet  of  spact,  or  on  the  equivalent  cubic  feet  of  space 
heated,  which  latter  case  takes  into  consideration  windows,  doors, 
masonry  walls,  ct  ccctera. 

Numerous  formulae  have  been  worked  out  to  give  approxi- 
mately the  number  of  square  feet  of  radiation  that  should  be 
installed  to  heat  various  sized  rooms  under  different  conditions  of 
service.  It  stands  to  reason,  however,  that  the  quantity  of  steam 
used  to  heat  given  spaces  under  similar  conditions  will  be  approxi- 
mately constant  and  independent  of  the  amount  of  radiation  in- 
stalled, provided  that  enough  or  more  than  enough  radiation  is 
supplied  to  take  care  of  the  coldest  days.  This  would  appear  to 
be  an  argument  in  favor  of  basing  the  flat  rate  on  the  number  of 
cubic  feet  or  ec|uivalent  cubic  feet  of  space  heated. 

Following  is  a  summary  of  the  information  which  we  have 
collected ;  it  is  divided  into  three  groups  and  all  data  are  from 
metered  customers : 
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Kora— While  (here  i*  a.  Utkc  variation  between  maxioiuni  and  miriimiuii,  it  was  found 
when  malcing  tbe  tabulatiofi  that  moat  of  tbe  figures  ran  very  close  to  tbe  averaget  gives 
above. 
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Tlie  table  shows  that  the  steam  consumption,  as  would  be 
expected,  is  greatest  where  the  average  temperature  is  lowest  and 
that  this  is  an  important  factor  to  be  considered  in  arriving'  at  the 
rate  to  charge ;  that  the  kind  of  service  makes  very  little  difference 
in  the  steam  consumption,  although  residences  seem  to  Iiave  a 
greater  condensation  per  cubic  foot  of  contents  and  a  less   per 
square  foot  of  radiation  tiian  either  stores  or  offices ;   that   the 
results,  altliough  varying  wide!},  are  near  enough  to  justifvthe 
cstablishmtnt  of  a  Hat  rate,  this  being  on  the  assumption  (correct 
or  incorrect)*  that  customers  will  use  practically  the  same  amount 
of  steam  whether  on  a  flat  or  meter  rate;  and,  finally,  that  if  a 
meter  rate   is  established  a  corresponding  tlat  rate  would    vary 
according  to  the  length  of  tlie  season  and  average  temperature, 
and  may  be  easily  approximated  from  the  figures  given. 


(4)   REGULATIONS  GO\ERNING  THE  SI  PI'LV  OF  STEAM   FOR  HEATXXG 

PURPOSES 

l.\TKOl>UCTORY 

These  regulations  are  issued  for  the  purpose  of  effecting  an 
imderstanding  between  the  company  and  its  prospective  cus- 
tomers, architects  and  steam  titters,  regarding  the  requirements 
that  in  the  interest  of  satisfactory  service  the  company  finds  it 
necessary  to  impose  on  all  installations  to  be  connected  to  its 
mains.  For  the  assistance  of  prospective  patrons,  the  company  is 
prepared  to  furnish  specifications,  upon  which  bids  can  be  obtained 
for  the  installation  of  a  properly  tlesigned  heating  system,  and  it 
is  recommended  that  all  who  desire  the  service  make  application 
to  the  company  for  advice  before  installing  a  new  system  or  re- 
modelling an  old  one. 

GENERAL 

Steam  will  be  supplied  to  those  buildings  situated  along  the 
lines  of  steam  mains  that  are  equipped  with  sufficient  radiation  to 
heat  them  to  70  degrees  inside  with  outside  temperature  at  10 
degrees  below  zero,  and  that  have  piping  of  sufficient  capacit>' 
to  freely  circulate  steam  to  all  of  the  radiation  under  these  con- 
ditions without  pounding,  surging  or  noise,  due  to  the  circula- 


*Mr.  C.  R.  Maunsell  is  opposed  to  any  syBtera  of  flat-rate  charging,  and 
statrs  that  he  feels  safe  in  making  the  siatCTnent  that  his  flat-rate  customers 
(in  Topeka,  Kansas)  use  one-third  more  steam  than  customers  similarly 
equipped  paying  by  meter. 
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liun,  with  steam  at  a  pressure  of  one  pound  per  square  inch 
at  the  service  valve. 

Contracts  for  heat  will  be  matle  only  with  the  owners  of  the 
buildings  lo  be  supplied,  except  where  ihc  steam-heating  system 
installed  supplies  heat  to  a  store-room  only,  in  which  case  a  con- 
tract will  be  made  with  the  occupant  of  such  store-room. 

No  contracts  for  heat  will  be  made  with  the  tenants  of  the 
upper  floors  of  a  building,  nor  will  any  contract  be  made  for  a 
shnrter  period  than  one  year. 

THK   consumer's   INSTALLATION 

Piping  iind  Radiators 

The  consumer  is  to  own  and  maintain  all  the  piping,  radiators 
and  appliances  pertaining  to  the  heating  system  inside  the  build- 
ing, and  the  company  reserves  the  right  to  cut  off  the  supply  of 
steam  at  any  time  when  such  piping,  radiators  and  appliances  are 
not  maintained  in  good  repair.  The  consumer  is  to  pay  for  the 
connection  between  the  company's  steam  service  valve  and  his 
heating  system ;  such  connection  to  be  made  by  the  consumer 
after  securing  a  written  permit  from  the  company. 

New  installations  must  be  laid  out  on  the  one-pipe  loop  or 
circuit  system,  arranged  to  carry  all  condensation  in  the  same 
direction  as  the  flow  of  steam  and  to  drain  all  condensation  to  a 
common  point  and  into  the  trap.  Where  two  or  more  drip  pipes 
or  returns  are  connected  together,  they  must  be  trapped  to  form 
a  water  seal  of  sufficient  depth  to  prevent  steam  from  one  inter- 
fering with  the  free  discharge  of  water  from  the  others. 

All  mains  and  branches  must  be  securely  supported  on  ap- 
proved expansion  hangers,  substantially  fastened  to  the  ceiling. 
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The  amounts  of  radiation  that  may  lie  carried  on  mains  an<I 
risers  of  the  various  sizes  are  given  in  the  following  table  : 
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Branches  from  mains  to  ri.sers  and  horizontal  connections 
must  be  one  pipe  size  larger  than  the  riser  supplied. 

Each  radiator  must  bt-  provided  with  an  approved  automatic 
air  vent,  and  it  is  reconrnietided  ihat  all  vents  be  connected 
to  ventilating  pipes  for  the  purpose  of  carrying  oflF  the  air  and 
vapor  which  woukl  otherwise  be  discharged  into  the  room. 

All  pipes  and  fittings  carrying  steam  should  be  covered  with 
approved  standard  pipe  covering,  unless  it  is  desired  to  use  such 
pipes  and  fittings  as  radiating  surface.  As  there  is  no  way  of 
controlling  the  heat  when  supplied  in  this  way,  it  is  not  recom- 
mended. 

All  uncovere<l  pipes  are  considered  as  radiation  area  at  the 
following  ratts  per  lineal  foot : 


inch. 


■343  square  foot 
-435        " 
•497       ■' 
.620 

.751       " 
.916       " 


1.5  inch,  1 .047  square  foot 

4  •       1.178       " 
4.5      "      l.30q       " 

5  '■      1.456       " 

6  •'      1.733       " 
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Tlie  consumer  is  to  provide  and  maintain  in  good  repair  an 
approved  steam  trap  of  sufficient  capacity  to  properly  drain  the 
condensation   from  the   heating  system  of  his  building   without 


any  loss  of  steam.  This  steam  trap  must  be  provided  with  an 
automatic  air  valve  and  a  gate  valve  must  be  placed  in  the  inlet 
pipe  so  that  the  stt-am  may  be  cut  off  for  repairs  and  examination, 
as  occasion  arises.  There  should  also  be  a  ground  joint  union 
in  both  inlet  and  outlet  pipes  near  the  trap.  The  trap  must  be  so 
located  that  it  will  discharge  by  gravity  into  the  cooling  coil  and 
with  at  least  6-inch  head  alxjve  the  highest  point  in  the  coil  or 
outlet  from  same. 

Cooling  Coil 

The  consumer  must  provide  and  connect  to  the  outlet  pipe  of 
the  steam  trap  a  continuous  cast-iron  cooling  coil,  to  be  approved 
by  the  company^  the  surface  of  which  must  equal  one-fifth  of  the 
radiation  supplied  with  steam.  This  c<x>ling  coil  must  be  con- 
nected as  an  indirect  radiator,  properly  encased  in  galvanized  iron 
and  supplied  with  cold  air  in  an  approved  manner,  the  heated  air 
being  carried  to  some  part  uf  the  building  where  a  constant  supply 
of  heat  is  rerjuired.  The  culd-air  ducts  must  be  providcil  with 
dampers  and  by-passes  for  use  when  steam  is  shut  off.  Tlie  cold- 
air  ducts  of  cooling  coils  should  have  at  least  one  square  inch 
area  and  the  hot-air  ducts  at  least  one  and  one-quarter  inches  area 
of  cruss-section  fur  each  square  foot  of  ciioling  coil  connected. 
Register  faces  must  have  a  net  area  equal  to  that  of  the  iluct  in 
which  they  are  set.  The  pipe  supplying  condensation  to' the  cool- 
ing coil  must  enter  the  coil  at  the  highest  point,  and  leave  it  at 
the  bottom,  and  then  be  carried  up  above  the  cooling  coil,  but  no 
higher  than  trap  discharge,  so  that  the  cooling  coil  will  at  all 
limes  remain  filled  with  water.  The  coil  should  be  supported  on  a 
substantial  iron  [)ipe  frame.  The  purpose  of  the  cooling  coil  is 
to  extract  all  the  available  heat  from  the  condensation.  It  is  an 
economy  for  the  consumer,  for  it  utilizes  heat  that  would  other- 
wise be  wasted.  Steam  must  not  be  shut  off  unless  proper  pre- 
cautions are  taken  to  prevent  freezing  the  cooling  coils.  Where 
a  supply  of  heat  is  required  in  the  basement,  and  conditions  permit 
the  installation,  cast-iron  hot-water  radiation  is  recommended  in 
preference  to  cooling  coils. 

Meter 

The  consumer  must  provide  a  suitable  location  and  connec- 
tions and  fittings  for  the  condensation  meter  to  be  furnished  and 
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set  by  the  ci.iiupaii\ .  The  outlet  pipe  from  the  meter  to  the  sewer 
must  be  run  as  short  and  slraiglit  as  possible,  to  give  at  least  12 
inches  fall  between  the  meter  and  sewer  ojjening  and  to  be  in 
size  not  less  than  the  minimum  requirement  as  given  in  the  table 
below.  The  minimum  requirements  for  height  between  centres  of 
the  meter  inlet  and  outlet  pipes  are  also  given  in  the  same  table. 


Maximum  Square 
Feci  Radiation 


Size  of  Meters 

According  lo 

Manufacturers' 

Lists 


Mioimum  Sise 
Ouclet 


Minimum   Height   be- 
tween Meter  Inlet 
and  Outlet 

According  to 

Dimensions 

of  Meters 


More  than  yooo  square  feet,  special,  and  requiring  more  than 
one  meter. 

Meter  outlet  pipes  must  be  connected  to  the  sewer  in  a 
manner  ap])rt>vcd  by  the  Plumbing  Inspector  for  the  Public 
Works  Department  of  the  city. 

Permit 

Steam  fitters  and  all  others  are  prohibited  from  making  con- 
nections with  the  company's  service  pipes  or  in  any  way  altering 
or  interfering  with  them,  without  a  written  ]>ermit  from  the  com- 
pany, which  will  be  issued  only  after  a  contract  for  steam  has  been 
signed  and  accepted  by  the  company. 

Iuj!f>cction 

Steam  will  not  he  turned  on  until  an  inspection  of  the  appara- 
tus by  the  company's  inspectors  has  shown  that  the  installation  is 
in  accordance  with  these  regulations. 

The  consumer  must  guarantee  the  compan\''s  agents  free 
access  to  the  heating  apparatus  at  all  reasonable  times,  for  the 
purpose  of  ascertaining  whether  or  not  the  same  is  maintained  in 
good  repair  and  for  the  inspection  and  repair  of  service  pipes, 
valves  and  meters, 

THE   company's   service 

The  company  reserves  the  right  to  supply  any  other  premises 
through  such  steam  service  pipe  as  it  may  deem  advisable;  if 
necessary,  e-vtending  such  steam  service  pipe  through  the  cellar 
and  walls  of  the  consumer's  building  and  into  the  cellars  of  ad- 
joining buildings. 


All  such  service  extensions  will  be  so  made  that  the  con- 
tleiisation  will  flow  back  into  the  street  mains;  or  where  this  is 
impossible,  the  company  will  provide  a  separate  steam  trap  to 
can-  for  it.  Such  service  extensions  will  be  made  at  the  com- 
pany's expense  and  the  company  will  repair  any  damage  caused  to 
thf  walls  of  the  building  in  making  them. 

The  steam  service  pipes,  service  valve,  service  extensions  and 
meters  will  remain  the  property  and  in  the  control  of  the  company. 

Meter 

The  company  will  provide,  set  and  maintain,  free  of  charge 
to  the  consumer,  thf  meter  requirt-it  to  measure  the  condensation 
from  the  steam  used. 

Pressure 

The  company  will  be  prepared,  ordinanly.  to  furnish  a  con- 
tinuous supply  of  steam  at  a  pressure  of  one  pound  per  square 
inch  at  the  service  valve,  during  the  months  of  November,  Decem- 
ber, January.  Fehruary,  March  and  April.  During  the  months  of 
September  and  May  steam  will  be  supplied  as  required ;  but  in 
case  of  unavoidable  interriiption  from  accident  or  other  cause 
beyond  the  control  of  the  company,  the  risk  of  such  interruption  is 
e.xpressly  assumed  by  the  consumer. 

The  company  reserves  the  right  to  cut  off  the  supply  of  steam 
for  non-payment  of  hills,  for  failure  to  comply  with  the  foregoing 
rtgulations,  and  to  guard  itself  against  fraud  or  loss. 

RATES 

Steam  will  be  furnished  by  meter  only  at  the  following 
monthly  rates : 

cents  per  looo  pounds  for  all  condensation  up  lo  loo.ooo  pounds 

cenis  per  looo  oounds  !">r  all  condensation  over   loo.ooo  pounds 


Bills  will  be  rendered  monthly  during  the  heating  season 
from  September  to  May,  inclusive,  and  will  be  subject  to  a  dis- 
count of  —  per  cent  if  paid  by  the  tenth  of  the  month  following 
that  in  which  the  steam  was  consumed.  Discounts  will  positively 
not  be  allowed  unless  bills  are  so  paid. 


^ 
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A  minimum  charge  of  $5.00  per  month  will  be  maHe.  and  no 
bill  will  be  rendered  for  a  less  amount. 


Respectfully  submitted, 
Committee, 


[  W.  H.  Blood,  Jr..  Chairman., 
J  R.  S.  Wallace, 

[C.  R.  M.VUKSELU 


DISCUSSION 

The  FttiiStDKS'T:  Gentlemen,  this  report  is  now  open  for 
discussion. 

Mr.  Maunsell:  My  nanic  appears  on  this  committee,  but 
the  committee  is  like  all  others — one  man  has  practically  to  do 
all  the  work.  I  am  sorry  1  was  not  connected  more  actively 
with  the  report,  as  I  believe  it  is  the  most  valuable  report  we 
have  had  on  the  steanvheatine;:  riuestion ;  Init.  as  the  foot-note 
indicates.  1  differ  sonrewbat  with  Mr.  r!lo(td  in  reg^ard  to  the 
manner  of  charging,  which,  after  the  plant  is  installed,  is  the 
most  essential   feature  oulside  uf  the  consumers  piinng  systein. 

I  want  to  make  reference  to  one  of  the  points.  On  page 
414.  the  report  refers  to  tiic  use  of  steam  on  the  meter  basis.  I 
will  read  from  the  middle  of  the  page: 

"The  returns  that  we  get  from  steam-heating  j)lants  indi- 
cate that  it  is  safe  to  figure  for  ordinarj'  conditions  about  .20 
pound  of  water  per  hour  per  si[uare  foot  of  radiation  (vary- 
ing from  .05  to  .50).  .\s  all  the  consumers  are  not  using  the 
steam  at  the  same  time,  particularly  if  on  a  meter  basis,  the  load 
factor  should  be  no  more  neglected  than  in  the  lighting  husi- 
ness." 

My  experience  in  that  regard,  as  the  foot-nole  says,  is  that 
the  customer  will  use  from  25  to  as  high  as  50  per  cent  more 
steam  if  he  is  on  the  Hat  rate.  That  is  not  so  hard  to  overcome 
as  the  fact  of  the  variation  in  rates.  In  my  town  we  have  had 
quite  a  little  agitation  on  the  subject  of  the  variation  in  rates, 
some  customers  being  charged  by  meter  and  .st^ue  by  Hat 
rate.  They  naturally  ask.  "Why  do  you  take  some  customers  on 
the  meter  rate  and  others  on  the  flat  rate?"  The  reason  why 
we  place  the  majority  of  customers  on  the  meter  basis  is  because 
those  installations  would  use  an  excessive  amount  of  steam  if 


left  oil  the  flat  mte.  We  have  one  instance  where  there  is  a 
store-room  on  the  first  floor,  a  restaurant  in  the  rear  of  the  store, 
and  the  upper  floors  are  used  for  offices.  The  owner  of  the  huild- 
inpf  determined  he  would  not  use  steam  taken  from  our  company, 
and  he  allows  the  tenants  to  get  along  the  best  way  they  can. 
It  is  not  good  policy,  but  it  exists,  and  it  brought  about  this 
very  condition  of  rate  variation.  The  occupant  of  the  store 
insisted  upon  having  a  flat  rate.  It  was  necessary  to  siii>ply 
steam  through  a  long  main  line,  together  wit!i  the  necessary 
branches,  before  we  could  get  steam  into  this  store,  and  we 
refused  to  do  it  on  the  flat  rate  and  insisted  upon  selling  it  on 
a  meter  basis.  The  merchant  carried  the  point  to  the  city  council 
that  we  were  discriminating  in   rates,  and  created  an  agitation. 

I  do  not  believe  this  committee  can  come  before  the  conven- 
tion advocating  flat  rates  under  any  circumstances.  We  must 
do  our  business  on  a  comparative  basis.  It  seems  to  me  that 
the  matter  narrows  down  to  a  question  as  to  whether  we  are 
going  to  do  the  steam-heating  business  on  a  flat  rate  or  a  meter 
basis.  Every  man  in  the  central-station  business  will  run  up 
against  the  variation  in  rates,  and  if  we  do  not  meet  it  in 
the  way  best  for  our  interests,  which  way  I  believe  to  be 
the  meter  l)asis,  we  shal!  have  to  go  out  of  the  steam-heating 
business. 

On  page  415.  the  report  refers  to  the  sale  of  steam.  A  great 
many  companies  throughout  the  country  have  gone  into  the 
heating  business  expecting  that  it  was  all  velvet,  and  in  figuring  <m 
the  selling  of  exhaust  steam  calculated  hn\v  much  the  investment 
would  be  and  how  much  return  they  must  secure  to  pay  interest 
and  depreciation.  If  they  would  figure  absolutely  on  a  live-steam 
basis  and  selt  it  in  that  way,  there  is  no  question  but  it  would 
be  a  success,  as  every  plant  thus  operated  is  making  a  success 
of  it 

The  question  of  control  of  installations  is  one  of  most  vital 
importance  if  you  attempt  lo  do  any  business  on  a  flat  rate. 
There  is  nothing  that  %vin  bring  home  to  a  man  so  forcil>ly  the 
extravagance  of  leaving  the  doors  and  windows  open  as  a 
monthly  reminder  in  the  form  of  a  bill,  if  the  customer  is  care- 
less in  the  use  of  steam,  and  allows  the  dfjors  and  windows  to 
be  open,  he  pays  you  a  considerably  lower  percentage  of  profit 
on  his  business  than  if  he  were  paying  on  the  meter  basis. 
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Mr.  Gille:  One  point  brought  out  by  Mr.  Blood  I  think  is 
not  ver>'  clear.  He  says  that  it  is  safe  to  figure  for  ordinary 
conditions  about  .20  pound  of  water  per  hour  per  square  foot 
of  radiation.  I  ask  whether  or  not  that  has  any  reference  to 
conditions  of  temperature,  because  there  is  no  question  hut  that 
the  amount  of  coal  required  in  the  heating  of  a  building  varies 
directly  as  the  difference  in  temperature.  I  ask  upon  what  basis 
that  is  figured. 

Mr.  Blood:  In  answering  Mr.  Gille's  question  I  would  say 
that  these  figures  are  all  based  upon  averages  obtained  by  send- 
ing out  a  circular  letter;  and  the  figure  of  which  he  speaks  comes 
from  the  average  condition  and  average  temperature  in  a  num- 
ber of  plants.  It  does  not  represent  one  case  or  one  locality. 
We  simply  attempted  to  give  in  this  report  certain  general  fig- 
ures, so  that  a  man  might  have  a  rough  idea  of  what  to  expect. 
We  also  gave  the  maximum,  the  minimum  and  the  average,  so 
far  as  possible. 

Mr.  Gille:  Would  it  not  he  better  to  state  that  on  a  cer- 
tain  degree   difference  of  temperature? 

Mr.  Blood:  That  would  be  much  better  if  we  could  get 
at  it ;  that  is.  if  we  had  sufficient  data  at  hand  to  give  the  results. 
The  data  turned  in  by  the  companies  in  regard  to  steam  heating 
are,  1  believe,  about  as  meagre  as  any  data  you  can  mention. 
There  are  only  a  few  companies  that  keep  satisfactory  records, 
and  even  these  companies  do  not  turn  in  their  records  any  too 
promptly  or  completely. 

Mr.  James  E.  Pyle  (West  Chester.  Pa.) :  In  regard  to  the 
specifications  for  the  pipes  and  radiators,  I  would  say  a  few 
words.  I  have  found  that  the  steam-heating  systems  as  a  rule, 
whether  fed  from  street  mains  or  from  boilers,  are  very  unsatis- 
factory to  the  customer  and  to  those  using  steam.  We  have 
found  that  the  District  Steam  Company  system  of  supplying 
steam  heat  to  a  building  requires  very  much  less  radiation  than 
is  generally  used  from  an  ordinary  steam  boiler,  and  that  the 
chief  trouble  with  the  whole  thing  is  that  it  is  not  under  con- 
trol, the  same  as  with  the  boilers  in  the  cellar.  We  have  intro- 
duced a  system  of  control  into  our  steam-heating  plant,  which  is 
applicable  to  boilers  as  well,  and  it  is  of  interest  to  every  man 
who  has  a  home  or  a  store  to  heat,  who  uses  steam  either  from  a 
boiler  or  from  the  mains  in  the  street.     We  take  our  pipes  in 


from  the  street  and  raise  them  to  the  highest  point  in  the  base- 
ment, go  through  a  reducing  valve  and  reduce  the  pressure  to 
five  ounces  and  hold  it  there.  We  raise  the  pipe  to  the  highest 
(Kiint  and  drain  it  by  gravity  to  the  point  where  we  want  llie 
water  pipes  to  leave  the  building.  Each  radiator  is  equipped 
with  three-quarter-tnch  pipe,  with  an  indicating  valve  ai  tlie  top 
of  the  radiator.  We  use  water  radiators  only,  and  ligure  on  ^o  i>er 
cent  more  radiation  than  in  the  ordinary  single-pipe  system,  and 
by  using  the  valve  at  the  ti>p  uf  the  radiator,  with  an  index  on 
it  that  will  show  whether  there  is  enough  steam  being  admitted 
to  heat  one-quarter,  one-half  or  three-quarters  of  the  radiator. 
We  can  admit  enough  steam  tn  give  the  required  amount  of 
radiation  for  any  kind  of  weather.  In  tliat  way  we  heat  the  top 
of  the  radiator  when  the  valve  is  at  point  i.  The  water  is  con- 
densed and  goes  to  the  bottom  of  the  radiator,  which  is  cold, 
and  before  it  leaves  the  radiator  all  the  heat  is  used  in  the  apart- 
ment being  heated.  The  pipe  from  the  radiator  is  connected  to 
a  small  pipe  in  the  basement,  which  has  no  connection  whatever 
with  the  steam  pipe  except  through  a  water  loop  that  may  drain 
the  steam  pipe.  From  there  it  is  conducted  to  coils  for  the  pur- 
pose of  cooling  the  water  condensed  in  the  piping  system  only. 
Thence  it  goes  to  the  meter.  This  gives  the  customer  the  advan- 
tage of  regulating  the  amount  of  steam  in  all  tlie  rooms,  inde- 
pendently, and  to  suit  outside  temperature,  whether  the  weather 
is  very  cold  or  moderate;  he  can  have  the  amount  of  steam  he 
wants.  The  principal  waste  in  steam  heating  is  during  mihl 
weather,  when  large  radiation  is  not  required,  and  it  is  overcome 
by  this  method.  We  have  found  that  our  system  operating  on 
this  plan  is  giving  very  much  better  satisfaction  than  the  sys- 
tem operated  on  the  single-pipe  plan,  and  we  are  free  to  say 
that  our  customers'  bills  on  this  plan  are  at  least  30  per  cent 
lower  than  those  on  the  single-pipe  system.  Our  system  is  almost 
entirely  equipped  with  this  kind  of  piping,  in  every  place.  The 
only  dissatisfied  customers  we  have  are  those  on  the  single-pipe 
system  ;  the  others  like  the  service.  They  are  heating  on  a  basis 
of  40  cents  per  1000  pounds  of  water,  which  is  cheaper  than  they 
could  heat  with  coal  at  $6.00  per  Ion.  Some  ret>ort  a  saving  of 
^i  per  cent  over  their  coal  bills.  This  system  permits  any  com- 
pany in  the  business  to  charge  a  rate  proportionally  higher  and 
still  give  satisfaction,  which  is  an  important  point  for  all  steam- 
heating  plants. 
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Mk.  MauNSELl.  There  is  one  point  that  has  not  been 
brought  out  as  strongly  in  the  report  as  I  think  it  should  be, 
aiul  that  is  the  consideration  of  the  effect  upon  other  business 
of  supplying  steam  from  a  central  station,  or  the  etlecl  on  the 
steam  business  by  the  mere  production  of  new  electrical  appli- 
ances. I  attempted  to  l)ring  out  that  point  this  morning  in 
referring  to  the  electric-heating  apparatus.  1  think  tliese  jwints, 
and  those  of  the  supply  of  power  and  selling  the  exhaust  steam, 
should  be  carefully  taken  into  account  by  anyone  who  is  con- 
sidering the  adoption  of  a  steam-heating  system. 


THii  r^KKStuKNT:  It  has  been  customary,  during  the  course 
of  the  convention,  for  the  president  to  appoint  a  committee  to 
uominate  officers  for  the  ensuing  year.  I  will  nominate  as  such 
committee.  Messrs.  Louis  A.  Ferguson,  chairman;  Paul  Doty, 
I'aul  Spencer,  N.  F.  Brady  and  Samuel  Scovil. 

It  is  requested  that  the  committee  report  as  soon  as  con- 
venient. 


The  PREStuENT:  W'c  will  now  take  up  the  report  on  pur- 
chased electric  power  in  factories,  by  Mr.  E.  W.  Lloyd,  of  Chi- 
cago. I  regret  that  Mr.  Lloyd's  health  did  not  permit  him  to 
be  present  at  this  meeting.  This  is  one  of  the  most  valuable 
numbers  on  our  programme,  and  I  will  ask  Mr.  (jilchrist  to 
read  the  report. 

Mr.  Gilchrist  read  the  report,  and  at  its  conclusion  said, 
"'Mr.  Lloyd  desires  to  thank  all  the  member  companies  for  their 
co-operation  in  sending  in  the  information  from  which  he  com- 
piled the  report." 


REPORT  ON  PURCHASED   ELECTRfC  POWER 
IN  FACTORIES 


The  subject  "Purchased  Electric  Pouer  in  Factories"  has 
received  considerable  attention  truin  engineers  in  ihe  past  few 
years,  and  1  believe  it  is  now  the  consensus  of  opinion  that  the 
use  of  motors  for  driving  macliiuery  in  factories  is  the  most 
economical,  practical  and  riexiblc  known  to  date.  The  question 
as  to  whetiier  the  current  for  driving  these  motors  can  best  be 
furnished  from  an  isolated  plant  in  the  factory  or  from  the  lines 
of  the  central-station  company  furnishing  power  in  the  district, 
depends  upon  the  rate  per  kilowatt-hour  charged  by  the  com- 
pany, when  the  installation  coinlitions  are  the  same.  I  believe 
the  time  is  near  ;ii  hand  when  the  greater  part  of  factory  power 
loads  will  be  furnished  from  central-station  service,  as  such  great 
imppivLMiienls  have  been  made  in  central-station  generating 
apiwratus  in  the  past  few  years  that  the  selling  price  of  elec- 
tric current  for  power  purposes  has  been  reduced  to  the  point 
where   we   can   successfully   comi^ete   with   private   plants. 

In  submitting  the  following  report  on  electric  power  loads  of 
a  part  of  the  central  stations  belonging  to  this  association,  it 
must  be  borne  in  mind  by  the  members  that  it  was  necessary  to 
eliminate  some  of  the  matter  subnjilled,  owing  to  the  lack  of  com- 
plete information,  and  also  that  it  does  not  at  all  represent  the 
total  amount  of  power  furnished  from  all  of  the  companies  be- 
longing to  the  association.  The  figures  submitted  are  for  average 
conditions,  and,  as  far  as  was  possible,  mistakes  in  compiling 
these  figures  were  avoided.  I  do  not  think  central-station  mana- 
gers have  much  difficulty  in  obtaining  power  customers  up  to 
10  or  15  horse-power,  as  the  cost  of  running  motors  of  this  size 
is  generally  below  the  cost  of  running  a  steam  engine  or  other 
prime  mover  now  on  the  market,  particularly  when  all  of  the 
items  that  go  to  make  up  the  operating  cost  are  taken  in  con- 
sideration. Even  though  the  cost  of  furnishing  current  to  small 
consumers  were  a  trifle  greater  from  the  central-station  service, 
we  should  have  very  little  difficulty  in  obtaining  this  class  of 
business,  as  a  factorv  owner  would  rather  not  be  bothered  with 
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the  power  question  aiid  prefers  to  pay  a  little  more  if  he  is  satis- 
lied  he  will  have  no  trouble.  It  is,  therefore,  with  the  larger 
installations  of  motors  in  factories  that  run  from  central-station 
service  that  this  paper  will  treat. 

The  question  as  to  whether  a  factory  will  run  fruui  centra i- 
station  service  or  whether  it  will  generate  current  from  its  own 
plant  is  not  always  decided  by  the  rate  per  kilowatt-hour  which 
the  central-station  company  proposes  to  charge  for  the  current. 
To  any  one  who  has  had  experience  with  installations  of  motors 
driving  machinery,  where  one  large  motor  was  used,  it  is  known 
that  no  economy  can  be  obtained  over  engine  drive  with  prohtable 
rates  for  central-station  service.  It  may  be  possible  with  the 
use  of  a  few  motors  in  a  large  plant  running  15  to  24  hours  a 
day  with  a  low  rate  per  kilowatt-hour,  that  central-station  power 
can  compete  with  engine  drive;  but  the  average  plant  docs  not 
run  more  tlian  ten  hours  a  day,  and,  therefore,  the  rates  of  a 
central-station  company  doing  a  profitable  business  can  not  com- 
pete successfully  with  these  conditions.  It  is,  therefore,  neces- 
sary to  consider  other  sides  of  the  factory  power  subject  than 
merely  the  question  of  price  per  kilowatt-hour. 

The  most  important  fact  that  has  been  developed  to-day  in 
connection  with  this  subject  is  that  the  proper  motor  installation 
has  everything  lo  do  with  the  economical  furnishing  of  electric 
current  from  central-station  service.  I  think  central-station 
managers  will  agree  that  in  a  great  many  cases  where  factory 
power  was  lost  to  them  the  fault  lay  in  the  fact  that  the  motor 
installation  eliminated  none  of  the  wastes  in  the  plant  that  were 
in  evidence  when  it  was  driven  from  an  engine.  A  great  many- 
cases  of  this  kind  have  come  to  my  notice,  and  I  am  fully  con- 
vinced of  the  truth  of  these  statements.  While  it  is  no  doubt 
difficult  to  convince  factory  managers  that  the  installation  of  a 
great  many  motors  is  the  only  economical  method  of  driving, 
this  is  being  accomplished  by  a  number  of  companies,  and  it  is 
becoming  Jess  difficult  each  day  to  demonstrate  the  efficiency  of 
individual  or  good  group-drive  installations  of  motors.  The 
elimination  of  all  friction  loads  in  a  factory  makes  a  wonderful 
difference  in  the  kw-hour  consumption.  I  believe  the  time  is  com- 
ing when  machinery  of  almost  every  description  will  be  equipped 
with  electric  motors  before  it  is  put  into  service.  It  is  a  well- 
known    fact    that    the    efficiency,    flexibility    and    output    of    a 
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tool  is  materially  increased  with  the  use  of  individual  motors. 
While  it  is  true  that  the  installation  of  individual  motors  increases 
the  connected  horse-power  load  in  a  given  factory  over  and  above 
what  it  would  be  shoidd  group-drive  installation  be  made,  it  is 
also  true  that  the  current  consumption  is  considerably  less  on  the 
individual-motor  installation.  There  are  engineers  throughout 
the  country  who  advocate  individual-motor  installation,  but  I 
believe  the  subject  has  not  received  the  proper  consideration 
from  all  central-station  companies,  and  the  sooner  it  is  brought 
forcibly  to  their  attention  that  this  type  of  installation  will  do  more 
to  increase  their  power  load  than  any  other  one  thing,  the  more 
universal  the  practice  will  become.  The  selling  by  some  com-- 
panics  of  electric  current  at  very  low  rates  even  to  the  extent  of 
losing  money  on  this  current  is  not  necessary  with  proper  motor 
installations.  Extremely  low  prices  for  electric  current  in  some 
localities  are  detrimental  to  the  station  business  in  others,  and  I 
do  not  think  they  are  necessary  if  the  proper  attention  is  given 
to  the  engineering  features  in  obtaining  power  business. 

The  agent  sent  out  by  the  central-station  company  to  obtain 
large  business  must  have  some  training  before  he  is  competent 
to  get  business.  It  is  necessary  to  make  a  special  study  of 
factory  conditions.  Starting  in  the  engine-room  he  must  under- 
stand the  coal  consumption  of  different  types  of  boilers  and  tlie 
steam  consumption  of  the  different  types  of  engines.  While  it 
is  very  likely  he  can  obtain  from  most  factory  managers  the  coal 
consumption  in  the  plant,  it  is  very  necessary  that  the  agent  know 
whether  this  coal  consumption  is  correct  or  whether  it  is  abnor- 
mal considering  the  engine  and  boiler  installation.  If  the  coal 
consumption  per  horse-power  be  high  it  is  a  f)oint  in  favor  of 
central-station  service.  It  must  be  taken  into  consideration  that 
in  a  great  many  plants  they  do  not  always  keep  a  correct  record 
of  the  plant  costs,  and,  in  view  of  this  fact,  it  is  necessary  to  know 
what  items  go  to  make  up  these  costs.  The  mere  costs  of  fuel 
and  labor  are  not  by  any  means  all  of  these  costs.  The  items 
enumerated  below  are  those  that  can  generally  he  considered  as 
making  up  the  total  cost  of  operating  an  isolated  plant : 

Salary  of  engineers 

Salary  of  firemen 

Salary  of  electrician 

Fuel' 
aS 
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Removal  of  ashes 
Water 
Oil 

Repairs  to  boilers 
Repairs  to  engines  and  dynamos 
Lamps 
Carbons 
Tool  account 

-Miscellaneous  expense  and  sui>plies.  waste,  packing,  et  ctrtera 
General  expense 

Depreciation  (lo  per  cent  to  15  per  cent) 
Interest  on  investment 
Insurance 

Rental  value  of  sj^ace 
Damage  resulting  from  heat  and  vibration 
Risk   to  employees   and   the  public   through  accidents   and 
boiler  explosions 
Taxes 

In  addition  to  the  above  plant  costs,  it  is  often  necessary  to 
add  the  following : 

Maintenance   of    rope   or   belt    transmission    lines 
Unnecessary  investment  in  shafting  and  hangers 
Salary  of  millwrights 

If  the  factory  manager  has  not  kept  a  correct  account  of 
the  above  items  it  is  necessary  that  the  agent  be  familiar  with 
plant  costs  and  also  with  the  operation  of  the  machinery  in  the 
plant,  and  be  able  to  estimate  these  costs.  lie  must,  furthermore, 
understand  the  operation  of  dirt'erent  kinds  of  machinery  and  know 
approximately  what  j^ower  each  machine  takes.  This  may  seem 
a  difficult  proptjsition  for  the  station  manag<;r  who  has  to  hire 
solicitors,  l>ut  an  intelligent  agent  can  accumulate  a  surprising 
amount  of  information  in  this  direction  in  a  year.  There  is  so 
much  matter  published  by  the  ditTerent  manufacturers  of  appara- 
tus and  also  by  the  different  techincal  journals  on  the  subject  of 
motor  installations  that  a  great  deal  of  matter  can  be  obtained 
from  these  sources.  It  is  extremely  difficult  to  determine  at  times 
ivhat  the  average  power  consumi)tion  on  a  given  plant  would  be 
if  the  friction  loads  were  eliminated.  Taking  indicator  cards 
from  an  engine  for  one  day.  or  even  for  one  week,  does  not 


435 

determine  ihe  average  luad  iiur  die  triction  load  iJiroughout  the 
year,  as  the  factory  may  have  dull  periods  when  the  average  load 
will  be  less  and  the  proixjrtioiiale  friction  load  more ;  not  only 
that,  but  the  large  friction  load  on  the  average  plant  can  not 
easily  be  deterniined,  owing  to  the  impossibility  of  cutting  off  all 
the  running  belts  and  countershafting.  In  arriving  at  the  power 
consumed  by  a  factory  having  engine  drive  it  should  be  remem- 
bered that  should  the  proper  motor  installation  be  made  a  large 
(>ercentagc  of  the  triction  loss  would  be  elinjinated.  If  the  agent 
is  famihar  with  the  character  of  the  business  carried  on  by  the 
manulacturer  desiring  figures  on  central-station  service,  he  can 
obtain  very  accurate  information  on  the  probable  kw-hour  con- 
suni];tion,  by  making  an  observation  of  the  character  of  the  work 
done  by  each  machine  and  probable  hours  of  running.  He  can 
then  arrive  at  a  fairly  accurate  estimate  of  the  kilowatt-hours 
per  day  required  by  each  machine.  A  machine  may  run  all  day 
and  still  not  average  more  than  50  per  cent  of  the  maximum. 

One  of  the  most  difficult  ]>ropositions  an  agent  will  meet 
is  where  a  factory  is  equipped  with  fairl_\-  efficient  engines  and 
where  there  are  a  great  number  of  machines  in  operation.  The 
factory  manager  objects  seriously  to  spending  a  great  deal  of 
money  on  small  motors  for  the  operation  of  his  plant,  and  it  is 
often  necessary  to  guarantee  results  from  such  an  installation 
for  a  short  period  in  order  to  convince  him  that  you  are  accurate 
in  your  estimate  of  the  kilowatt-hour^  per  month. 

Another  of  the  most  difficult  tasks  we  have  is  convincing  a 
customer  that  his  average  load  is  not  equivalent  to  his  connected 
load,  nor  is  his  ma.xinimii  load  the  average.  It  is  surprising  what 
a  large  number  of  people  persist  in  these  views. 

Factory  managers  arc  ajiprcciating  more  and  more  every 
day  the  advantages  of  electric  drive,  and  it  is  not  nearly  so  hard 
a  job  to  induce  them  tcv-day  to  change  over  to  motor  drive  as  it 
^vas  a  few  years  ago  when  there  were  comparatively  few  large 
I'lants  in  the  country  equipped  in  this  way. 

In  equipping  a  factory  with  motors  it  is  also  necessary  to 
use  a  fairly  eflRcient  motor.  If  poorly-designed  motors  are  used 
there  can  be  a  great  loss  nf  current  in  the  motors  themselves, 
.'ind  while  it  is  true  that  manufacturers  are  making  the  average 
motor  more  efficient  to-day  than  it  ever  was  made,  it  is  well  to 
consider  the  matter  of  efficiency  and  see  that  the  motors  to  be 
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used  are  of  a  good  make.    This  point  is  not  always  given  proper 

consideration  by  the  central-station  agent  or  the  factory  owner. 
\'ery  frequently  the  factory  owner  has  some  friend  in  the  motor 
business  who  induces  him  to  use  motors  that  are  not  as  efficient 
as  they  should  be. 

It  is  not  always  the  question  of  electrical  efficiency,  however. 
that  should  govern  the  make  of  motor  to  be  used.  If  the  motor 
is  poor  mechanically,  it  can  cause  more  trouble  in  the  course  ol 
a  year  than  would  the  lack  of  electrical  efliciency.  The  average 
factory  superintendent  does  not  understand  electricity,  and  when 
motors  are  fir.st  installed  in  his  factory  and  he  has  trouble  with 
the  motors  from  diflferent  causes,  he  is  very  apt  to  become 
prejudiced  against  central-station  service  on  this  account.  The 
troubles  with  brushes,  commutators,  brush-holders  and  bearings 
are  most  frequent  where  direct-current  motors  are  used.  With 
alternating-current  induction  motors,  troubles  are  of  infrequent 
occurrence  and  do  not  require  the  consideration  and  attention  the 
direct-current  motor  does. 

The  speed  of  the  motors  for  driving  machinery  should  he 
considered  and  the  method  of  driving  machines  should  receive 
the  careful  consideration  of  the  agent  handling  the  job.  While 
it  is  not  absolutely  necessary  that  the  central  station  install  these 
motors,  I  believe  they  should  have  some  voice  in  the  matter,  and 
the  factory  owner  convinced  that  the  advice  of  the  central-station 
company  is  for  his  best  interests  in  making  the  installation  prac- 
tical and  economical.  Where  the  company  has  a  construction 
force  for  carrying  on  commercial  electrical  constmction  this 
department  can  be  used  to  great  advantage  in  this  work.  A  part 
of  this  construction  force  can  be  educated  in  the  installing  of 
motors,  and  eflficient  work  on  their  part  will  do  a  great  deal 
toward  keeping  the  customers  satisfied. 

In  connection  with  motor  installations  in  new  factories,  it 
should  be  borne  in  mind  that  there  will  be  a  considerable  saving 
in  the  first  cost  of  the  building  and  equipment  by  the  removal 
of  heavy  line  shafting.  The  cost  of  belts  and  pulleys  and  their 
maintenance  is  also  eliminated  to  a  targe  extent  by  the  use  of 
motors. 

When  endeavoring  to  convince  a  factory  owner  that  he 
should  accept  central-station  service,  his  attention  should  He 
called  to  the  fact  that  there  are  other  reasons  besides  saving 
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in  cost  of  current  that  should  convince  him  that  this  service  is 
to  his  advantage — such  as  the  elimination  of  smoking  chimneys ; 
inabilit)-  to  get  coal  shovilc!  there  be  strikes;  breakdown  of  the 
transmission  shafting,  stopping  the  entire  plant;  breakdowns  of 
engines  or  boilers;  the  liability  of  accidents  in  the  plant  from 
explosions  or  other  accidents;  cleanliness;  the  absence  of  belts, 
vibration  and  heat;  and,  as  before  slated,  the  increased  efficiency, 
flexibility  and  economical  operating  of  the  machines  throughout 
the  factory  operated  by  motors,  The  output  of  a  tool  can  be 
materially  increased  by  such  installations,  and,  therefore,  the 
investment  in  tools  decreased  for  a  given  output.  Furthermore, 
there  is  (lie  reliability  of  service  from  the  central  station  at  any 
time  during  the  twenty-four  hours.  Should  he  have  a  particular 
contract  where  it  is  necessary  to  run  a  few  machines  in  order  to 
turn  out  gfiods,  he  can  run  this  part  of  his  factory  very  eco- 
nomically, it  being  only  necessary  to  use  such  motors  as  are 
direct-connected  to  the  machines  that  are  requiretl  to  do  such 
work.  There  is  also  the  fact  that  should  his  business  increase 
it  is  only  necessary  to  expend  a  small  amount  of  money  in  order 
to  increase  the  capacity  of  his  power  plant,  instead  of  buying 
a  new  generating  unit  or  of  running  a  very  large  engine  on  an 
unecononucal  load  for  a  nmnher  of  years. 

While  it  may  seem  that  an  agent  having  all  of  the  above 
qualifications  and  knowledge  relative  to  machinen,^  in  power 
plants  would  be  an  expensive  adjunct  to  the  force  of  a  central- 
station  staff,  experience  has  demonstrated  to  a  number  of  com- 
panies that  this  man  can  be  developed  in  a  surprisingly  short 
time  by  education  and.  by  putting  before  him  compiled  infor- 
mation from  the  company's  books  on  the  consumers  already 
furni.shed  current  from  central-station  service.  Do  not  stunt 
the  growth  of  your  business  by  withholding  information  from 
your  agents.  The  compiling  of  this  information  should,  I 
believe,  be  carried  out  on  the  same  lines  by  all  members  of  this 
association. 

The  data  sent  by  the  different  companies  to  make  up  the 
information  in  the  latter  part  of  this  report  would  not  indicate 
that  such  information  had  been  compiled  in  a  thorough  manner. 
I  believe  it  of  great  benefit  to  any  manager  of  central-station 
properties  to  have  at  hand  information  of  his  larger  power 
customers  that  can  be  used  in  obtaining  new  business.     If  a 
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prospective  customer  knows  that  you  are  running  a  competitor 
from  your  lines,  and  you  are  free  to  tell  him  what  the  approxi- 
mate costs  of  such  service  are  per  horse-power,  it  is  much  easier 
to  convince  lum  to  sign  a  contract  than  it  would  bt:  if  yuu  liad 
no  examples  or  no  information  to  show  him.  (Jn  the  opjxjsite 
page  is  shown  a  form  compiled  to  take  care  of  power  informatiun. 
which  may  be  of  some  assistance  in  the  collecting  of  such  in- 
formation by  different  companies. 

This  card  system  can,  of  course,  be  modified  to  suit  the 
requirements  of  the  company  that  decides  to  compile  such  data. 

While  it  is  true  that  average  loads  on  different  kinds  of 
business  are  not  the  same  throughout  the  year,  still  it  is  true  that 
averages  obtained  from  the  company's  books  over  a  period  oi  a 
few  years  on  any  kind  of  business  should  be  of  great  value  to 
the  central-station  manager.  It  is  impossible  to  fix  any  Irard 
and  fast  rules  on  the  average  load  of  any  business,  but  \ou 
can  at  least  form  an  idea  as  to  the  approximate  kilowatt  con- 
sumption of  a  given  plant.  If  he  did  not  have  such  information 
before  him  it  would  be  necessary  to  rely  absolutely  on  the  esti- 
mates or  on  expensive  tests  which  may  be  incorrect.  While 
engineers  can  make  estimates  that  are  very  close,  still  there  are, 
no  doubt,  times  when  he  is  mistaken  in  such  estimates  and  it  is 
not  always  possible  for  every  company  to  obtain  moderate-priced 
men  who  can  make  such  estimates  accurately  in  the  majority 
of  cases. 

In  looking  over  the  information  sent  by  the  different  com- 
panies you  wilt  notice  that  there  are  some  lines  of  business  to 
which  the  central  station  furnished  little  or  no  power.  As  the 
selling  of  power  from  central-station  service  is  still  in  its  infancy, 
this  is  not  surprising;  in  fact,  it  is  more  surprising  that  the 
central-station  companies  have  obtained  such  large  p<.iwer  loads 
in  so  few  years.  Experience  in  some  lines  would  indicate  that 
it  will  be  necessary  to  give  better  rates  on  these  classes  of  busi- 
ness than  on  others,  in  order  to  increase  the  central-station  loads 
in  that  direction.  On  machinery  such  as  large  blowers,  refriger- 
ating machinerA",  air-compressors,  running  ten  hours  or  more,  or 
any  other  machines  that  have  a  very  high  average  load  during 
their  period  of  operation,  the  price  per  kilowatt-hour  nmst 
necessarily  be  less  than  for  machines  such  as  punches,  lathes  or 
other  tools,  where,  no  matter  how  continuously  they  are  operated, 
the  average  load  is  only  a  small  part  of  the  maximum  load. 
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NAME 

ADDRESS. 


BUSINESS.... 
Supt.,  ngr.  or 
Farty  tosee... 


I      I      I 


Date Cards.    CanlNo.. 

Motor  InstHllation 

distribution  by 


Is  instaUatiuD  efBclent?. 


Q^pDH,":  HuuninKho„™per  ^^^ 


Reniarks : 


LIST  OF  MOTORS  AND  MACHINES  DRIVEN 

No.  IH.P.  1    V. 

^.^•,?'i      Make 

i 

For  DrlriDK 

On  Meter  No. 

' 

1 

, 



1 

' 

\ 

K.W.Hr8.!K.  W.Max.!    Net  Bill    '  K.  \V.  Hrs.  K.  W.  M«x  ,    Net  Bill    ! 


Jan.., 

Feb.. 

Mar.. 

Apr... 

May. 

June. 

July. 

Aug.. 

Sept. 

Oct.. 

Nov.. 


I         I 


pec._^ 
Total . 


Averaire. 


I-     \< 


I       M 


Total  instated  H.  P — Ave.  cost  per  month  per  installed  H.  V Load  factor percent 

Renuu-ks : 
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The  following  report  is  made  up  as  showing  tlie  avei 
load  as  indicated  by  the  figures  submitted  by  the  different  com- 
panies, and  while  making  up  the  figures  it  was  not  possible  to 
get  as  large  a  number  of  factories  for  each  class  of  business  as 
was  desirable;  still  the  figures  show  very  fair  average  conditions 
and  are  approximately  correct. 

r  do  not  think  it  makes  any  diflference  in  the  average  load 
of  a  given  plant  as  to  whether  it  be  located  in  New  York  or 
San  Francisco.  Of  course  in  making  up  figures  on  average  loads 
it  must  be  assuiued  that  the  factory  is  busy  and  that  tlic  motor 
installation  is  about  the  same  in  numbers  and  layout. 

Nowadays,  in  order  to  make  a  success  of  any  business  in 
»he  manufacturing  line,  it  is  necessary  to  get  all  the  work  out 
of  tools  or  a[)paratus  that  is  possible.  A  factory  working  under 
other  conditions  will  not  last  long  and  therefore  contracts  with 
Hiis  class  of  customer  are  not  desirable  from  the  central-station 
<;tandpoint,  as  the  average  load  in  a  dull  factory  is  very  low. 

The  tabic  below  is  compiled  from  information  submitted 
from  different  cities  all  over  this  country  and  while  it  is  probably 
not  conclusive  is  better  than  the  small  amount  of  data  we  have 
had  np  to  this  time. 

Bakeries 


K.  W.  H. 

Connected 

IndiTidual 

Number  of 

Percentaue  of 
Average  Load  to 

per  Month 

Motor  Load 
is  H.  P. 

or  Gruup 
Drive 

Motors 

Connected 

I.SOO 

20 

Group 

2 

40 

4.t66 

87 

8 

24.8 

3.202 

100 

7 

12.3 

703 

10 

I 

36 

557 

20 

a 

% 

1.203 

255 

5 

.m 

14 

2 

24.9                , 
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10 

I 

tl 

2.327 

7° 

a 

9ti 

8 

3 

7°„ 

i.798 

SO 

3 

29.8 

363 

15-5 

3 

13 

991 

21 

2 

a6.2 

430 

15 

I 

16 

373 

13 

2 

16                  1 

S.800 

60 

u 

3 

20 

1.099 

20 

M 

I 

33 

-'6.393 

559 

47 

Total 

1.582 

32.8 

Bakeries 

2.7 

27.8  Average 

605 

«5 

Individual 

3 

24.2 

956 

10 

I 

12.7 

441 
B  A  KERiES — Continued 


K.  W.  H. 

Connected 

Motor  Load 

ialLP. 

Percentair*  of 

Connected 
Motor  I.OMI 

375 

.1 

Individual 

3 

4 

T 

432 

26 

4( 

3 

a4 

218 

20 

<• 

2 

26.7 

2.687 

65 

U 

7 

22 

250 

17 

ii 

3 

8.9 

S.642.6 

180 

25 

Total 

705.3 

22.5 

Boiler  Shops 

3-1 

19-5 

Average 

11,411 

177 

Group 

6 

36.8 

11,104 

115 

'* 

4 

49 

1,293 

30 

" 

I 

24.7 

1,312 

12 

2 

S8.4 

813 

10 

1 

41-5 

987 

50 

« 

I 

J3.2 

400 

15 

** 

I 

11.9 

682 

15 

t* 

I 

24.2 

1.635 

20 

ii 

I 

54-5 

1.266 

27-5 

It 

2 

28.4 

5.034 

94.5 

566 

« 

11 

35.7.37 

31 

Total 

3.267 

51-4 

Boiler  Shops 

2.8 

333 

Average 

330 

10 

Individual 

3 

20 

1.470 

40 

" 

7 

.  18 

400 

15 

u 

3 

15 

1.666 

40 

*l 

5 

22.2 

2.CXX) 

56 

- 

8 

28.5 

5.860 

161 

26 

Total 

1. 172 

32.2 

Boots  and  Shoes 

5-2 

20.7 

Average 

2,338 

50 

Group 

II 

23.8 

246 

5 

5 

21.2 

100 

5 

I 

104 

3.000 

20 

2 

76.9 

391 

5 

I 

40 

1,156 

15 

I 

46 

8.840 

97 

6 

55-5 

5.765 

157 

u 

24 

22.2 

503 

10 

X 

28 

4.680. 

40 

4 

67 

1.048- 

13 

3 

49 

4.525 

45 

it 

14 

51 

7.063 

55 

u 

3 

66 

39.65s 

517 

76 

Total 

3.050 

39-7 

5.8 

42.8  Average 

442 


Blacksmiths 

K.  W.  H. 
per  Month 

Connected 

Motor  Load 

in  H.  P. 

n'J^'r'il'Jn'             -'^'""ber  of 

Percentage  of 

Average  Load  lo 

Connected 

Motor  Load 

446 

10 

Group 

I 

29.8 

410 

5 

** 

I 

42 

1,230 

10 

it 

2 

73 

403 

5 

a 

I 

41 

1,3" 

26.S 

it 

5 

29 

140 

6 

I 

20 

457 

20.5 

'* 

8 

II 

300 

6 

<f 

I 

26 

150 

5 

*' 

I 

25.8 

I. -'23 

30 

4< 

I 

417 

416 

10 

*' 

3 

.^7 

555 

95 
ti3-5 

ti 

2 

35 

7.041 

27 

Total 

5«6 

9-4 

BOX-MAKIXG 

2.2 

34-2 

Average- 

572 

5 

Group 

I 

61 

-J,  573 

25 

** 

1 

55 

I.OJO 

17 

** 

2 

.16.5 

515 

8 

•* 

3 

31.8 

717 

10 

'* 

3 

425 

1.250 

20 

" 

1 

32 

300 

5 

** 

I 

32 

500 

10 

ti 

I 

46 

198 

5 

it 

I 

24.6 

«54 

15 

t( 

I 

30.4 

202 

10 

" 

I 

13 

7.1 1 1 

34-5 

it 

4 

82.8 

2,113 

40 

it 

5 

50 

2,062 

18 

£> 

2 

65 

1. 816 

16 

<( 

2 

6S 

1,000 

10 

tt 

I 

54 

278 

5 

it 

I 

33-9 

273 

5 

it 

I 

28 

•     1.666 

10 

•* 

I 

89 

6,086 

94-5 

- 

54 

37 

31,106 

.?63 

87 

Total 

1.555 

18.1 

BRASS-FINISHrXG 

4-3 

454 

Average 

807 

17 

Group 

2 

25.3 

30,040 

250 

52 

63.8 

141 

5 

" 

I 

IS 

2,290 

25 

" 

-> 

4S.8 

250 

75 

" 

I 

10.7 

12.246 

82 

.. 

3 

i<3 

4.978 

60 

■" 

3 

44-.^ 

357 

3 

I 

79-5 

514 

15 

- 

2 

.35-2 

5 1. 623 

.364.5 

67 

Total 

5.736 

40.5 

7-4 

45 

Average 

443 


Butchers  and  Packers 


K.W.  H. 
per  Month 

Connected 

Motor  Load 

in  H.  P. 

Individ  ual 

or  Group 

Drive 

Number  oi 
Motors 

PercentaKc  of 

ATerage  Load  to 

Connected 

Motor  Load 

416 

15 

Group 

I 

147 

371 

15 

*' 

I 

14 

912 

7 

tt 

3 

74.5 

10,900 

lOO 

it 

2 

58.4 

3.900 

41-5 

H 

4 

50 

661 

55-5 

U 

5 

6.6 

730 

10 

" 

I 

13 

24s 

10 

" 

I 

14.8 

3.468 

10 

" 

I 

97 

666 

15 

" 

2 

17 

1,776 

14 

ft 

2 

24.6 

H^ 

15 

" 

I 

63.6 

686 

15 

.1 

I 

254 

25,877 

323 

25 

Total 

1.990 

24.8 

2 

36.4 

Average 

Butchers  and  Packers 

195 

12 

Individual 

3 

10 

245 

10 

•' 

I 

14.8 

1,900 

15 

" 

I 

22.5 

2,181 

96 

'■ 

19 

12.6 

940 

555 

It 

13 

12 

1.624 

59 

(C 

14 

46.8 

807 

26 

4( 

5 

15.7 

444 

'4 

11 

T 

17.6 

640 

20 

<t 

I 

19 

1,518 

51-5 
369 

If 

9 

17 

10,494 

67 

Total 

1,049 

36.9 

6.7 

18.8  Average 

Breweries 

7S.00O 

440 

Group 

II 

33 

333 

IS 

*' 

3 

11.4 

6,826 

107.S 

it 

6 

38.5 

10,186 

6S 

n 

4 

37-4 

357 

5 

If 

I 

47-7 

990 

34-5 

(( 

5 

15-9 

1.720 

65 

(( 

2 

14 

3,000 

25 

u 

5 

66.6 

98,412 

757 

37 

Total 

12,301 

94 

4.6 

33 

Average 

Carpet-cleaning    . 

166 

5 

Group 

I 

17 

900 

7-5 

t* 

I 

53-3 

166 
281 

12 
3 

it 

2 
I 

26.7 

400 

10 

ti 

I 

52.8 

1,118 

15 

« 

3 

27 

300 

30 

f( 

3 

9.2 

444 


Caki'ET-cleaning — Continued 


K.  W.  H. 
per  Month 

Connected 

Motor  Load 

in  H.  P. 

"'Drive"                Motors 

Percentage  of 

Arerage  Load  to 

Connected 

Motor  Load 

441 

18 

Group 

2 

18 

i.333 

IS 

" 

I 

45-6 

1,000 

44 

n 

3 

14 

300 

5 

If 

I 

29.8 

1. 126 

15 

tl 

I 

43 

7.731 

174-5 

20 

Total 

644 

14-5 

Cement-mixing 

1.6 

30.1 

Average 

2,147 

35 

Group 

I 

17 

1.500 

35 

'* 

I 

22.9 

8,051 

SO 

" 

I 

36.2 

1,321 

30 

tt 

I 

22.6 

8,119 

150 

4 

Total 

2,oog 

37-5 

I 

24.9 

Average 

Candy  Manufacturing 

340 

13 

Group 

I 

42.9 

1.228 

14 

ii 

I 

26.6 

583 

II 

" 

3 

20.8 

6.666 

37 

" 

3 

92.S 

773 

22.5 

** 

2 

H 

233 

8 

" 

2 

16 

4.86K 

74 

" 

6 

35-1 

132 

3.5 

" 

2 

29.6 

800 

18 

" 

3 

30 

3.316 

65 

- 

12 

29 

18,939 

266 

35 

Total 

1.893 

26.6 

3-5 

33.6 

Average 

Candy  Manufacturing 

270 

13 

Individual 

2 

12 

982 

SO 

" 

8 

II 

425 

22 

6 

9-9 

127 

5-5 

4 

14. 1 

424 

21 

6 

12 

691 

25 

" 

4 

16.5 

1.070 

20 

** 

3 

29-5 

2,376 

83 

if 

27 

26 

6.365 

2399 

60 

Total 

796 

29.9 

Cotton  Mim.s 

7-5 

16.3 

Average 

14.007 

95 

Group 

2 

741 

14,620 

112.5 

" 

5 

65.3 

6,860 

90 

- 

2 

41 

.35.487 

2975 

9 

Total 

11.829 

99 

3 

60.1 

Average 

445 


Cakkiage  and  Wagon  Works 


K,  W.  H. 

pcrMoMh 

Connected 

Motor  Load 

in  H.  P. 

IndiTidual 

or  Group 

Drive 

Number  of 
Motors 

Percentage  of 

Average  Load  to 

Connected 

Motor  LoMl 

500 

8.5 

Group 

3 

31.8 

*]£ 

121 
15 

it 

14 

2 

91.I 
25 

174 

5 

(( 

I 

23.2 

333 

10 

II 

I 

16.7 

912 

10 

II 

I 

60.8 

400 

3 

u 

I 

86.8 

881 

15 

II 

2 

30 

5,000 

50 

" 

2 

53.2 

771 

20 

fl 

2 

23.2 

1,680 

20 

" 

2 

43 

552 

25 

II 

12.2 

200 

.1 

" 

20 

937 

II 

^ 

253 

5 

14 

26 

2,251 

15 

II 

83.S 

24,000 

250 

If 

30 

71 

761 

7-5 

l< 

38.3 

?«o 

5 

u 

37.4 

625 

10 

II 

3 

20.8 

230 

7-5 

tt 

I 

'^•5 

567 

20 

Individual 

6 

18 

46,016 

6455 

78 

Total 

2,091 

24.8 

Chemical 

3-5 
Works 

35.5  Average 

I.0S5 

20 

Group 

I 

3° 

I3.'328 

407.S 

" 

16 

18.2 

228 

13.S 

CI 

3 

1 1.2 

4,322 
8,682 

54 

M 

2 

46 

120 

l« 

4 

13.3 

1,189 

40 

II 

7 

21 

28,814 

655 

33 

Total 

4,802 

109 

5-5 

23.5  Average 

Clothing  Manufacturing 

833 
11.900 

15 
53 

Group 
fl 

1 

& 

1,670 

21 

11 

4 

48.3  ' 

1.746 

12.5 

II 

2 

78.2 

l:?3? 

107.5 
102 

II 

17 
18 

3o!8 

1.430 

30.5 

« 

5 

30 

'■S£ 

35 
10 

H 

3 
I 

23 

1' 

733 

5 

U 

2 

2.500 

15 

II 

3 

89 

5S8 

20 

<l 

2 

14.9 

254 

5 

it 

I 

27 

220 

5 

u 

I 

35-2 

536 

13 

« 

3 

334 

446 
Clothing  Manufacturing 


K.  W.  H. 
per  Month 

Connected 

Motor  Load 

in  H.  P. 

Individual 

or  Group 

Drive 

1,169 

IS 

Group 

300 

5 

3.300 

50 

S05 

27-5 

1.3^1 

11 

4.050 
678 

56 

7-5 

1Z7 
480 
SB3 

10 
5 
4 

900 
2.800 

9-5 
15 

900 
666 

25 
IS 

1.033 
1,700 

IS 
iS 

48.S 

12.5 

1.736 

2I.S 

60.780 
1,181 

783 

23 

; — Continued 

Percenuge  of 

Number  ol 

AveraKC  Load  to 

Motors 

Connected 

Motor  Load 

2 

39-9 

I 

32 

3 

II 

3 

337 

2 

66.7 

II 

37-1 

I 

50.2 

I 

40.8 

I 

53 

I 

77 

6 

514 

2 

100 

I 

19.2 

I 

24 

I 

37 

4 

50.3 

7 

22.1 

18 

49 

138 

Total 

4 

44.5  Average 

Grain   Elevators 


1,441 

35 

Group 

4 

24.8 

618 

35 

*' 

I 

19.6 

1.562 

60 

ii 

5 

12.6 

2.800 

65 

*' 

2 

26 

656 

30 

" 

I 

132 

139 

10 

I 

154 

2,680 

30 

tt 

I 

47-6 

3-333 

50 

5 

50.8 

1.797 

65 

** 

I 

30.7 

11,294 

240 

■' 

4 

25.2 

416 

15 

" 

I 

16 

625 

13 

u 

1 

31 

3,875 

65 

it 

4 

53 

516 

5 

it 

I 

53 

1.512 

25 

4( 

I 

36 

4.957 

140 

(( 

8 

36.3 

2,303 

35 

(i 

I 

73 

105 

iS-5 

" 

3 

41 

32.765 

1.240 
2,173-5 

Individual 

27 

14-3 

73.004 

72 

Total 

3.842 

114.4 

3-8 

32.6  Average 

Feather  Cleaners 

1.697  35  Group  I  27.5 

3.197  73-75  Individual  10  24 


4.894  108.75  II  Total 

2,447  54-37  55  25-7  Average 


447 
General  Manufacturing 


K.  W.  H. 

Connected 

Individual 

Motor  Load 

or  Group 

per  Month 

InH.  P. 

Drive 

344 

10 

Group 

609 

12 

" 

8.317 

96 

** 

3.552 

35 

" 

444 

20 

" 

2.900 

51 

" 

2,510 

53 

Soo 

26 

" 

31.420 

100 

" 

30.560 

115 

" 

575 

20 

" 

1.231 

20 

9.S02 

125 

" 

579 

5 

775 

5 

'' 

636 

10 

** 

1. 04 1 

15 

" 

33ii 

8 

5-37» 

30 

" 

600 

40 

*' 

768 

20 

*' 

234 

25 

" 

243 

4-5 

1.059 

27 

5.417 

144 

1.730 

315 

277 

16 

" 

781 

20 

3. 14 1 

50 

" 

4.583 

50 

" 

500 

10 

J. 727 

20 

" 

100 

25 

*' 

1.583 

5 

4* 

500 

6 

1, 

388 

5 

** 

13.01 1 

130 

1, 

600 

IS 

** 

541 

10 

It 

541 

20 

" 

500 

10 

" 

834 

15 

" 

1-9.560 

1.643 

** 

71-777 

1.329 

** 

13.565 

242 

'* 

130 

7 

" 

225 

II 

" 

291 

3 

" 

6.221 

42.S 

" 

2.321 

72 

** 

6,900 

105 

i( 

3.130 

20 

" 

358 

4-5 

" 

440    . 

45 

" 

3.6(H 

60 

i< 

Percentage  of 

Number  of 

Average  Load  to 

Motors 

Connected 

Motor  Load 

I 

274 

I 

28.2 

8 

44 

2 

52 

2 

12.2 

7 

17 

13 

24 

4 

10 

I 

73-4 

5 

56.7 

I 

147 

I 

317 

4 

38.9 

I 
I 

S8.4 
82.8 

I 

42.4 

1 

Z7 

2 

22.5 

I 

957 

2 

173 

I 

25.6 

2 

9.6 

2 

35-4 

4 

24.9 

17 

29 

6 

28 

2 

10.5 

I 

18.5 

3 

38 

I 

48.8 

I 

26.7 

1 

52.3 

I 

26.7 

3 

57.8 

2 

63.5 

2 

47.2 

U 

60 

1 

20.5 

I 

27.8 

2 

15 

I 

25.6 

2 

2,7 

122 

62.3   • 

222 

31.2 

20 

31.6 

4 

11.2 

2 

12.4 

I 

3 

^.7 

24 

17-3 

7 

28.6 

1 

80 

3 

46 

I 

48.4 

7 

36.S 

448 
General  Manufacturing — Continued 


K.  W.  H. 
perMooUi 

Connected 

Motor  Load 

Im  H.  P. 

Individual 

or  Group 

DriTC 

Number  of 
Motors 

Percenuce  of 

Averace  Load  to 

Connected 

Motor  LoMl 

^]J 

22 

Group 

3 

14 

12.5 

2 

3^-3 

254 

5 

" 

37-3 

547 

8 

" 

273 

157 

5 

*' 

^ 

1,720 

25 

ti 

48 

1.506 

30 

" 

25.6 

boo 

15 

•< 

20.4 

456 

15 

'• 

12.7 

735 

10 

'■ 

40.8 

1.533 

30 

*' 

28.4 
50.6 

911 

10 

.. 

300 

•5 

*' 

II 

1,120 

10 

'* 

62.2 

743 

21 

•' 

19.6 

5,033 

55 

50.8 

442 

20 

*• 

12.3 

1,922 

40 

'* 

26.7 

780 

10 

" 

43-3 

800 

155 

" 

28.5 

627 

IC 

(• 

34-8 

386 

10 

" 

21.4 

612 

10 

it 

34 

250 

10 

" 

14 

330 

12.5 

14.0 

541 

10 

*• 

36 

1. 159 

•5 

43 

412 

75 

33-2 

375 

10 

" 

19.2 

2,416 

50 

tt 

22.6 

250 

5 

*• 

257 

S!08 

5 

*' 

21.4 

2.083 

98 

" 

17 

"S 

3.333 

20 

" 

4 

855 

408 

6 

(( 

2 

87.5 

16.650 

750 

" 

12 

11.9 

16,666 

350 

•  t 

50 

K 

8.206 

100 

•' 

6 

2,907 

42 

«< 

5 

41.8 

1. 341 

15 

** 

3 

53 

270 

7-5 

" 

I 

26.2 

983 

16 

" 

3 

40.8 

1. 112 

20 

r 

32 

851 

31 

" 

6 

15  „ 

466 

13 

(I 

I 

21.8 

8,051 

715 

<l 

10 

72 

774 

II 

" 

4 

369 

1.960 

30 

" 

I 

33 

2.134 

15 

I 

73 

2,730 

55 

2 

30 

3.765 

72 

li 

8 

317 

460 

6 

*• 

2 

47 

1.332 

35 

'* 

3 

23 

21,491 

215 

'* 

2 

26.5 

3,360 

87.5 

«. 

4 

!5 

999 

20 

" 

I 

26 
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General  Manufacturing — Continued 


K.  W.  H. 

per  Month 

Connected 

Motor  Load 

in  H.  P. 

IndiTidiial 

or  Group 

DriTC 

Number  of 
Motors 

Percentage  of 

Average  Load  to 

Connected 

Motor  Lotul 

400 

7-5 

Group 

I 

27 

770 

20 

<. 

I 

23.3 

707 

33 

" 

4 

12.9 

650 

25 

u 

I 

17.3 

1,117 

585 

** 

2 

1 1.6 

312 

10 

« 

3 

18.9 

1,725 

36 

11 

3 

24.6 

3.880 

32-5 

" 

3 

66 

1.338 

32.S 

" 

6 

22.8 

1. 147 

14 

It 

12 

45-5 

280 

13 

" 

2 

"•5 

175 

10 

tl 

I 

233 

370 

7.5 

" 

2 

25.2 

290 

5 

(( 

I 

28.8 

233 

5 

" 

1 

37.8 

3-600 

83 

l< 

8 

231 

810 

29 

" 

5 

20 

1,462 

34 

It 

10 

25 

11.604 

250 

it 

5 

30 

1,586 

26 

u 

II 

36.8 

378 

7-5 

" 

I 

28 

1,652 

25 

" 

2 

36.6 

1.825 

25 

*• 

I 

50 

1,219 

50 

•( 

2 

24.9 

771 

30 

»< 

I 

^H 

350 

5 

" 

I 

35-8 

416 

7-5 

" 

I 

42.5 

29,332 

275 

** 

4 

21 

234.000 

500 

*' 

I 

94 

916 

25 

■' 

I 

18.5 

416 

12.5 

" 

I 

16.6 

4.166 
16.666 

48.5 

'* 

8 

50 

360 

" 

12 

23 

833 

12 

" 

2 

27.6 

436 

39 

" 

8 

17 

6,640 

82.S 

** 

II 

44 

3.000 

85 

** 

3 

20 

200 

5 

fc 

2 

24 

200 

5 

" 

1 

24 

45.624 

225 

•' 

8 

44 

2.861 

76.5 

(( 

12 

21 

13.100 

95 

" 

6 

52 

1.516 

27 

tt 

4 

55, 

432 

15 

'' 

I 

17.6  . 

666 

12 

tl 

2 

.10 

826 

8 

.1 

2 

69 

277 

16 

It 

2 

10.5 

12.246 

82 

n 

3 

83 

^^227 

28.S 

tt 

12 

.32.3 

1.083 

39 

tt 

3 

14 

1.400 

23 

** 

4 

74 

5.234 

60.5 

8 

49  « 

7,884 

120 

" 

6 

«3Z! 

45.977 

380 

tt 

13 

68.8 

1,727 

20 

" 

1 

52.3 

15.000 

40 

It 

3 

19 

39 

450 


General  Manufacturing — Continued 


K.  w,  H. 

per  Month 

13.01 1 

388 

9.«93 

4.017 

22,864 
1.666 

341 

1 ,050 

625 

1.9S2 

io.2yi 

326 

3,485 
_',yjy 

1,110.128 
6.133 


1.350 
433 
375 
868 

289 
1.077 
1.680 

6.005 
863 


938 
1.415 

IX<)27 

1.728 
787 
-'23 
566 


16.584 
2.369 


4.352 
103 
427 

5.000 

S.795 

16.550 
2.760 


Connected 

Motor  Load 

in  H.  P. 

Individual 

or  Grcyip 

Drive 

Number  o( 
Motors 

130 

Group 

II 

5 

** 

2 

173 

Individual 

21 

213-5 

" 

14 

28.5 

" 

5 

35 

" 

I 

25 

*' 

I 

56 

'■ 

18 

29 

•* 

5 

75 

'■■ 

II 

197 

" 

43 

5 

** 

4 

67 

'• 

27 

60 

28 

12.231.5 

1. 167 

67.5 

64 

EXCJRAVIXG    AND    El-ECTROTYPING 

23 

Group 

7 

10 

I 

6 

2 

20 

I 

6 

4 

7 

2 

12 

2 

15 

I 

99 

20 

12.4 

2.5 

Engravinc  and  Electrotvping 

30 

Individual 

23 

39 

25 

162 

91 

52.25 

" 

31 

iS-5 

'* 

8 

12 

'* 

3 

13-5 

6 

32425 

187 

463 

26.7 

Gla.ss 

-GRINDING    AND 

Beveling 

15 

Group 

2 

22 

4 

5 

" 

I 

25 

'■ 

I 

70 

I 

64.5 

10 

201.5 

18 

33-5 

3 

Percentage  of 

Avcrajie  Load  lu 

Connected 

Motor  Load 

60 

47.2 

25 

V 

25-4 
7 
10 
11.4 
15.1 
21 
40 
30 
28 


339 

Total 
Average 

33-6 
24.1 

45 
57 
74 
22 

g.8 

46.9 

Total 
Average 

IS 

23 
40 
18.6 
28.2 

10.2 
22.6 

Total 

22.S 

Average 

34 
42.2 

45-7 

ID 
38 
50 

Total 
36.6  Average 


45» 


FOUNDRIKS 

K.  W.  H. 
per  Month 

Connected 

Motor  Load 

in  H.  P. 

ladirldiial 

or  Group 

DrlTe 

Number  ot 
Motors 

PercenUKC  of 

■Average  Load  '1 

Connected     ' 

Motor  Lo«l    ' 

2,665 

38 

Group 

5 

38 

1,602 

50 

4 

18.9 

1,747 

35 

3 

33 

76J 

15 

1 

28.2 

833 

10 

I 

47-5 

4.301 

50 

3 

49 

830 

35 

2 

633 

6.691 

60 

2 

57 

936 

15 

I 

35 

635 

8 

I 

70.7 

4.301 

62 

3 

39-6 

^^ 

7 

2 

47.8 

1,850 

20 

I 

47-4 

470 
2,660 

7-5 
33 

I 

5 

33-5     . 
47 

30.867 

445-5 

35 

Total 

2.057 

27.7 

Foundries 

2..3 

43.7  Average 

2.490 

56 

Individual 

5 

23 

5.000 

145 

4 

18.4      . 

2.51 1 

159 

*• 

21 

10 

15.237 

610 

'* 

45 

14.2 

1,663 

80 

** 

4 

14 

166 

5 

*' 

3 

17 

3,305 

88 

" 

13 

21 

1. 106 

45 

" 

4 

12 

5.397 

85 

" 

10 

36 

756 

22.5 

•' 

3 

20 

290 

7-5 

** 

14.9 

230 

5 

" 

23.6'. 

541 

5 

57-7 

833 

•S 

*t 

28.6 

318 

10 

" 

21.7 

1.250 

45 

i* 

3 

17.8- 

1. 166 

35 

** 

I 

17.7 

1.284 

42.5 
1,460.5 

ti 

4 

16.7 

43.543 

125 

Total 

2,419 

81.1 

7 

21.3  Average 

Furniture  Manufacturing 

200 

5 

Group 

I 

28 

1.052 

20 

" 

3 

28.2 

2.800 

55 

41 

2 

339 

2.460 

25 

** 

1 

50.8 

2.751 

70 

•• 

6 

25.6 

1.690 

42 

•' 

5 

22.8 

1.455 

40 

.' 

6 

18 

614 

35 

.* 

6 

18 

2.73.5 

29s 
322 

3 

95  7 

IS.757 

33 

.■Total 

1.750 

35-7 

3.6 

35.6  Average 

452 


Flour  Mills 

K.  W.  H. 
pcrHoath 

Connected                 Individual 

Motor  Load               or  Group 

in  H.  P.                     Drive 

Number  o( 
Motors 

Percentage  of 

Connected 
Motor  IXMd 

2,830 

25 

Group 

I 

60.2 

2,083 

20 

•* 

I 

68 

428,265 

1,091 

*' 

16 

99.6 

2S.5S4 

IIO 

2 

99.2 

4.617 

65 

" 

I 

37-8 

6,250 

70 

*t 

I 

34 

318 

5 

I 

42.5 

393 

20 

** 

I 

20 

2,747 

20 

" 

I 

66.6 

1,284 

30 

.. 

I 

20.7 

2,960 

50 

I 

324 

208 

10 

** 

r 

18.S 

59.133 

415 
1. 93 1 

13 

21 

536.598 

41 

Total 

41,276 

148.S 

31 

48.1  Average 

Hoisting  and  Conveying 

8.333 

219 

Group 

12 

319 

862 

57 

5 

9 

666 

36 

'* 

5 

9^ 

129 

2 

'* 

I 

32.8 

4.539 

38.5 

9 

60.5 

14.529 

352.5 

32 

Total 

2,905 

70.5 

6.4 

28.3  Average 

Hoisting  and  Conveying 

16,413 

471-5 

Individual 

16 

17 

7.944 

.380 

** 

16 

10 

8,000 

560 

•' 

71 

8.6 

7.586 

197 

" 

15 

10.6 

5.400 

194 

" 

15 

6.7 

2.547 

50 

5 

25 

8,448 

317 

.30 

13 

258 

10 

I 

"5 

2.466 

1035 
2,283 

12 

153 

59.062 

181 

Total 

6.562 

253 

Ice  Cream 

20 

13      Average 

295 

79 

Group 

10 

4.8 

508 

52 

Individual 

15 

5.9 

1.914 

S6 

Group 

8 

20 

208 

5 

*' 

I 

70 

416 

5 

" 

I 

86 

509 

5 

I 

52.2 

333 

'5 

I 

12.3 

4.183 

217 

37 

Total 

596 

31 

54 

35.9  Average 

453 
Ice  Machines  and  Refsicekation 


K.  W.  H. 
per  Mootb 

Connected 

Motor  Load 

in  H.  P. 

ladiridual 

or  Group 

DriTe 

Number  of 
Motors 

Percentage  ol 

Arence  Load  to 

Connected 

Motor  I.oa<l 

1. 125 

21 

Group 

4 

29.6 

645 

IS 

" 

2 

8^.8 

7.032 

30 

Individual 

2 

5 

" 

2 

96.4 

2)597 

17 

11 

2 

08 

6,000 

147 

•* 

10 

20.7 

789 

2 

Group 

I 

52.8 

8,333 

25 

** 

I 

74 

274 

5 

u 

1 

28 

4.081 

32.5 

" 

3 

70 

1.686 

28 

Individual 

2 

36.5 

566 

10 

Group 

I 

32 

1,600 

23 

It 

3 

32.8 

1,620 

20.5 

" 

3 

70.S 

9.000 

137 

Individual 

I 

69 

3.541 

30 

'■ 

I 

55 

28,700 

77 

5 

57 

78,978 

625 

44 

Total 

4.645 

36.7 

2-5 

534 

Average 

Jewelry  Manufacturing 

734 

12 

Group 

I 

35-2 

738 

16 

" 

10 

26 

10,131 

86 

(t 

17 

65.5 

520 

17 

" 

3 

154 

507 

27.5 
158.5 

<i 

2 

16 

12.630 

23 

Total 

2.526 

317 

4.6 

31.6  Average 

Laundries 

300 

5 

Group 

I 

26.9 

702 

245 

7 

17.4 

266 

10 

I 

13.6 

440 
180 

I 

I 
2 

51 
12 

625 

5 

2 

64.1 

1.022 

10 

I 

52 

2.083 

10 

I 

21.4 

1. 000 

7 

2 

87 

705 

6 

3 

752 

266 

5 

I 

273 

460 

7-5 

I 

37-2 

406 

10 

I 

20.9 

138 

5 

2 

16.7 

237 

5 

I 

21 

259 

5 

I 

23 

320 

22.5 

<c 

4 

33.3 

S09 

17-5 

l< 

3 

16.7 

1.930 

375 
205.5 

5 

29 

T2.848 

40 

ToUl 

676 

10.8 

2.1 

34- 

Average 

454 
Mabble-finishing 


K.  W.  H. 

Connected 

Motor  Load 

in  H.  P. 

IndividiMl 

or  Group 

Drive 

Number  of 
Motors 

Percentage  of 

ATcrac^Load  to 

Connected 

Motor  LoMl 

1,250 

7-5 

Group 

I 

89 

4,000 

35 

I 

684 

1.913       . 

35 

'■ 

2 

30.3 

414 

17-5 

** 

I 

18.8 

^77     "■ 

5 

I 

45 

1,008 

7-5 

*• 

I 

895 

585 

8 

'* 

I 

43-3 

2,199 

40 

" 

2 

35-2 

4,625 

60 

■' 

3 

41 

522 

7-5 

Individual 

I 

37 

580 

10 

" 

I 

it 

100 

5 

1 

17.573 

238 

16 

Total 

1.464 

19.8 

13 

51.3  Average 

. 

Machine  Shops 

'■     820 

16 

Group 

4 

341 

S.812  , 

106.5 

" 

13 

27.9 

166 

5 

*< 

I 

17.8 

384 

5 

" 

I 

40.8 

3.247 

39 

" 

6 

43-5 

480 

25 

I 

10.2 

187    . 

6 

" 

I 

18.S 

3.285 

SO 

I 

34-9 

3.400 

123 

9 

14-7 

.1,546 

30 

" 

3 

27.5. 

5,076 

219 

*' 

25 

13-9 

2.278, 

24 

" 

I 

48.6 

1,004' 

20 

•' 

2 

26.8 

662 

7.5 

•' 

48.1 

212 

7.5 

•* 

18.9 

1.217 

IS 

" 

43-3 

1,264 

10 

" 

I 

67s.;. 

250 

5 

** 

26.7 

3.827    .. 

27.5     • 

" 

74-2, 

702    . 

7.5 

" 

293    . 

275      ■ 

S 

" 

293 

2,238 

IS 

'* 

76.5 

1. 183 

10 

•* 

60.7 

1. 361 

10 

•* 

70 

348.  ... 

7-5 

tt 

28 

41.345      . 

3S0 

** 

13 

62.8 

28,098 

384 

" 

29 

40.8 

4.424      . 

60 

it 

16 

45 

4.573   , 

104 

ti 

S 

22    . 

700   '. 

10 

" 

3 

384 

217    . 

5 

" 

24.1 

1.904.  . 

30 

ti 

32 

1.83s    . 

40 

" 

23 

694 

15 

'* 

24 

300  . 

10 

u 

15 

!,     y 

12.5    . 

"  '               It 

2 

12.3;" 

'"■Reio 

26      ' 

n 

2    '. 

24.5.':. 

■ 700 

23 

u 

6      ' 

15 

455 
Machine  Shops — Continued 


K.  W;  H. 
per  Month 

Connected 

Motor  Load 

in  H.  P. 

IndiTidoal 

or  Group 

Drive 

Number  o(  ' 
Motor* 

Percenuge  of 

ATenge  Load  to 

Conneaed 

Motor  Load 

685 

20 

Group 

I 

18.3 

4.140 

82.5 

41 

5 

26.8 

28,452    • 

342.5 

" 

12 

44-3 

Ul 

7-5 

" 

I 

23-7 

10 

" 

I 

36 

2,916 

30 

" 

I 

51.6 

2,680 

62.5 

IS 

5 

24 

9.274 

147-5 

11 

II 

25.1 

9.471 

108.5 

*' 

15 

59 

1,000 

14-5 

" 

4 

49 

10,482 

160 

" 

38 

10,300 

"5 

" 

6 

51 

356 

7.5 

11 

1 

26.5 

416 

22.5 

Individual 

2 

9 

208,332 

2.996 

234 

Total 

4.006 

57.6 

Newspapers 

4-5 

U-4  Average 

817 

255 

Group 

I 

34 

1,663 

58 

** 

6 

19 

6.548 

48 

" 

10 

88 

1,666 

20 

** 

5 

03-5 

833 

12 

" 

4 

22.2 

255 

10 

'* 

T 

13 

4,586 

57 

** 

4 

397 

29,913 

152 

i« 

7 

72 

2,229 

45 

" 

3 

20 

't's 

57 
15 

K 

12 

2 

59.6 

1,717 

15 

" 

I 

63.5 

528 

10 

" 

1 

20.4 

1,906 

395 

•* 

8 

26.2 

211 

16 

(f 

4 

67.8 

750 

15 

2 

33.6 

925 
1,710 

M 

li 

2 
6 

37.4 
16.3 

3.830 

68 

'* 

7. 

19.2 

358 

10 

" 

2 

23.9 

1.310 

20 

H 

2 

40 

1.966 

60 

11 

4 

20 

1. 154      • 

31 

" 

4 

40 

9,726 

282 

(( 

19 

AAA 

76,617 

1. 137 

"7„ 

Total 

3.150 

47-4 

Newspapers 

4-8 

38     Average 

■    1.484 

92-5 

Individual 

7 

8.8 

3.750 

144 

" 

22 

9 

'iS 

72 
16 

i( 
If 

4 
9 

18.4 
20.8 

503 

25 

i< 

6 

ii.2 

2.514 
9.614 

83 

i« 

14 

16.8 

.        363 

11 

46 

14-7 

2.800 

70 

« 

2 

21.3 

45«' 
New  spapers — Continued 


K.  W.  H. 
per  Month 

Connected               iBdividual 

Motor  Load              or  Group 

in  H.  P.                     Drive 

Number  of 
Motors 

Percentage  of 

Averaffe  Load  to 

Connected 

Motor  LoMl 

1, 600 

87.5 

Individual 

3 

10 

1,200 

52 

" 

16 

12.3 

461 

25 

" 

5 

24.6 

3,914 

125 

** 

15 

13-9 

1,063 

150 

** 

20 

9-5 

2,416 

62.5 

" 

20 

19.8 

1,291 

27-5 

'* 

4 

28 

320 

10 

■• 

4 

l6.5 

3.581 

74 

" 

20 

13 

25,411 

334.5 

i( 

14 

147 

3,873 

136 

»i 

4 

6 

2.82s 

107 

" 

II 

12 

33.320 

832 
2,888.5 

118 

7-4 

104,490 

364 

Total 

4.975 

137 

173 

15.1 

Avenge 

Ornamental  Iron  Works 

278 

3 

Group 

I 

86.8 

3^ 

10 

I 

43-8 

580 

10 

" 

I 

35 

348 

7-5 

" 

I 

28 

1,226 

20 

*. 

3 

34-8 

8,105 

no 

" 

5 

37  „ 

350 

II 

'* 

6 

32.8 

6,846 

102 

" 

7 

23-5 

6.881 

72 

8 

53 

24,943 

345-5 

33 

Total 

2,771 

38.4 

3.6 

41.6  Average 

Paint  Manufacturing 

425 

15 

Group 

I 

18.2 

593 

23 

** 

2 

15-6 

3.000 

40 

'* 

2 

40 

293 

10 

it 

r 

195 

2,063 

40 

it 

3 

275 

2,840 

73 

It 

7 

23-5 

5.286 

121; 

tt 

6 

23-4 

2,021 

70 

" 

5 

17-4 

V.561 

20 

** 

I 

40 

1.200 

15 

" 

I 

41 

11,674 

253-5 
664.5 

Individual 

22 

26 

30,959 

51 

Total 

2,814 

60.4 

4-6 

26.5  Average 

Printers  and  Bookbinpers 

600 

22.25 

Individual 

4 

144 

1,000 

37 

" 

9 

14.9 

300 

19 

" 

7 

94 

890 

II 

6 

45 

595 

80.5 

it 

33 

26.S 

457 
Printeks  and  Bookbinders — Continued 


K.  W.  H. 
per  Month 

Connected 

Motor  Load 

ia  H.  P. 

IndiTidual 
or  Group 

Number  of 
Moton 

Percentage  of 

AverBire  Load  to 

Connected 

Motor  I.«ad 

191 

5 

Individual 

4 

25.2 

<J3J 

21 

4 

lO 

173 

4 

3 

26.2 

7«o 

22 

3 

21.6 

3.^5 

60 

15 

34 

95f> 

20 

7 

29 

19.000 

328 

134 

32 

2.717 

65.5 

20 

25 

6.924 

1715 

104 

23 

2.315 

51 

9 

25.2 

530 

16 

4 

18.6 

2.713 

95 

13 

15.8 

10.820 

4635 

96 

12.9 

236 

6 

3 

26.3 

1.505 

245 

12 

40.8 

123.519 

124 

36 

19-5 

936 

19 

6 

32.8 

457 

12 

8 

Z5.2 

576 

16.5 

6 

24 

1,028 

4-' 

25 

14.8 

5.018 

76.5 

34 

38 

4.396 

73 

3^ 

30 

3.1 18 

5875 

36 

40 

7.77i^ 

108 

45 

20 

2.764 

46 

30 

36 

232 

5-'5 

9 

24.8 

1. 121 

20.25 

12 

34 

2.028 

51 

16 

24 

2.849 

60 

35 

27 

186 

3-5 

3 

31 

2,465 

5" 

30 
8 

16 
6 

^ 

•3.827 

580 

22 

S 

14.004 

141-5 

46 

242.400 

2.998 

912 

Total 

6.215 

76.8 

24 

20     Average 

Printers  and  Hookbinders 

666 

5 

Group 

T 

71 

1. 000 

IC 

I 

53-3 

833 

9-5 

4 

53-7 

400 

5 

I 

42.S 
1 1.8 

266 

12 

I 

300 

10 

I 

16 

S4« 

10 

I 

27.8 

.\R?. 

5 

I 

45 

458 

6 

I 

45 

1.528 

30 

4 

38 

fifio 

9 

4 

48.8 

370 

6 

2 

31.6 

ISO 

3 

I 

25.6 

2.970 

119 

8 

IS.2 

2.250 

15 

I 

90 

1,260 

32 

7 

21 

458 
Printers  and  Bookbinders — Continued 


K.W.  H. 
per  Month 

Connected 

Individual 

Motor  Load 
in  H.  P. 

or  Group 
Drive 

177 

5 

Group 

1.250 

14s 

500 

8 

'* 

4,062 

43 

'• 

2.525 

55 

" 

J,05« 

62 

" 

2.275 

29 

" 

810 

10 

'* 

410 

10 

■* 

3.081 

35 

.. 

676 

10 

** 

2.300 

30 

1. 

1.751 

36 

•> 

734 

15-5 

.. 

471 

7-5 

*t 

620 

30 

" 

495 

12 

'* 

650 

7-5 

** 

973 

15 

*' 

260 

5-5 

.. 

387 

5 

*• 

809 

IS 

.» 

526 

7.5 

i* 

3.200 

70 

" 

1.583 

16 

1,310 

25 

" 

273 

5 

" 

972 

11 

'* 

590 

7.5 

'* 

1,340 

18 

.. 

3,391 

18 

922 

-'5 

" 

500 

195 

366 

5 

'* 

1,780 

50 

" 

361 

8 

*' 

1.913 

60 

'* 

506 

10.5 

61.940 

1. 103 

M47 

20.4 

Pl-UMBING    AND 

PlPE-FITT] 

234 

10 

Group 

274 

1; 

" 

356 

35 

** 

634 

18.5 

.. 

210 

15 

" 

563 

20 

"* 

1.597 

65 

583 

12 

333 

12 

1.049 

39 

It 

18.006 

63 

u 

170 

5 

li 

Percentage  of 
Number  of  Average  Load  to 

Motors  Connected 
Motor  Load 

I  59-5 

5  43-4 
3  47.8 
9  62.8 
7  26 

II  47.6 

6  49.7 
I  44 

I  23.8 

3  49 

I  37-5 

I  +2-5 

5  30 

I  315 

I  31-4 

4  13.7 
I  27.4 

1  577 

2  39 

2  23.S 
I  43 

I  30 

I  39 

3  25-3 

1  55 

2  29 

I  36.4 

3  57-4 

1  52-3 

3  .^ 

4  90 

2  22.3 

2  14.2 

1  42.7 
4  23.7 

3  26 

2  52.8 
2  27 

142  Total 

2.6  39.5  Average 


«  313 

1  36.6 
3  57 
6  19.8 

2  8.5 

3  17 

3  12.6 

3  43-2 

I  14.8 

6  27.5 

8  ii.i 

I  i&B 
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Plumbing  and  PiPE-FitriNG  Manufacturing — Continued 


K.  W.  H. 
perHooUi  - 

526 

II. 481 
9.274 


Cmtnectcd 

Motor  Loa4 

inH.  P. 

22.S 
167-5 

147-5 


iMdiTidiwI 

or  Group 

Driva 

Group 


Number  of 
Motors 

3 
20 
II 


Percentmffe  of 

ATenif  e  Load  to 

Connected 

Motor  Load 

13 
38 
25.1 


45.290 

637 

72 

Total 

3.020 

42.4 

4.8 

21.5  Average 

Rubber  Manufacturing 

1.580 

43 

Individual 

29 

20.4 

523 

10 

Group 

I 

29 

2,103 

53 

30 

Total 

1,051 

26 

•5 

24.7  Average 

Sheet-metal  Manufacturing 

1.355 

395 

Group 

8 

22.5 

I2S 

6 

** 

2 

II 

^s 

'5 

*' 

I 

30 

1.04^ 

10 

" 

I 

g 

753 

20 

** 

2 

237 

8 

2 

15.2 

205 

15 

.    -           ' 

8 
I 

87 

'397     . 

5 

**     . 

I 

44 

2,406 

96.5 

'* 

10 

13.8 

1. 590 

45 

** 

3 

18.8 

1,448     . 

35 

"    , 

6 

20.4 

750 

21 

** 

2 

19 

6 

2 

32 

i.f&t 

27-5 

" 

4 

20 

562, 

42.5 

" 

5 

9 

1.373 

64 
661 

" 

6 

15 

22,470 

64 

Total 

1.321 

38.8 

Soap  Manufacturi! 

i-7 
so 

27.3  Average 

6,263 

136 

.    .          Group 

18 

25.6 

,  666 

10 

*( 

2 

297 

6,929 

146 

20 

Total 

3.434 

7i 

Seeds 

10 

27.6  Average 

1,888 

275 

Group 

3 

41 

1,162 

y> 

" 

I 

21.4 

1,077 

30 

it 

3 

26 

9.893 

IS 

" 

1 

20 

173 

Individual 

21 

25 

14.586 
2,917 


2755 

SS-i 


29 

5-8 


Total 
25.4  Average 


40O 


Structural  Steel 


K.  W.  H. 
per  Month 

Connected 

Motor  Load 

in  H.  P. 

IndiTidual 

or  Group 

Drive 

Number  of 
Motors 

Perecntace  of 

ATerare  Load  to 

Connected 

Motor  Lo«l 

3.333 

208 

Individual 

14 

9 

1.377 

46 

*• 

5 

18 

8.276 

210 

24 

22 

2,511 

159 

** 

21 

TO 

754 

20 

** 

I 

22 

22,834 

415 
1.058 

32 

30 

39.085 

97 

Total 

6.514 

176 

Strlxtural 

16. 1 

Si  EEL 

18.5  Average 

583 

10 

Group 

2 

26 

3.516 

40 

3 

52.2 

721 

10.5 

** 

6 

35 

1.36s 

40 

" 

3 

20.8 

454.950 

3,000 

" 

i8s 

30 

5.090 

212.5 
3,313 

15 

23 

466.225 

214 

Total 

77.704 

552. 1 

35.6 

3 I.I  Average 

Spice   Mills    and   Wholesale   Groceries 

4.968 

90.3 

Group 

6 

30 

230 

5 

*' 

I 

24 

524 

28.5 

Individual 

5 

18 

446 

15 

Group 

I 

255 

852 

26 

** 

4 

19.8 

152 

7-5 

Individual 

3 

12.2 

1.408 

18 

Group 

4 

47-4 

5.275 

171.5 

" 

10 

195 

1. 109 

20 

** 

29 

.130 

10 

•' 

18.8 

666 

25 

" 

13.6 

1.333 

25 

27.2 

894 

37-5 

■1 

It 

24-5 

2.500 

39 

" 

9 

34.1 

1,700 

39 

4 

25 

7,080 

170 

12 

25 

4.623 

72.S 
799« 

4 

32.8 

34.0fX) 

78 

Total 

2.005 

47 

45 

26     Average 

StONE-CUTTINr. 

109 

75 

Individual 

I 

19.4 

25.000 

300 

Group 

20 

534 

2.532 

50 

Individual 

6 

30 

2,411 

31 

Group 

2 

47 

98,381 

685 

" 

23 

85 

1.282 

15 

" 

I 

77.3 

440 

5 

It 

I 

54-2 

2,260 

45 

fc 

3 

27.9 

697 

20 

fl 

T 

17 

3.325 

90 

3 

19 

46 1 
STOKE^xnriNG — Continued 


K.W.H. 
perMoMh 

ConiMcted 

Motor  Load 

ia  H.  P. 

ladiTldual 

or  Group 

Drire 

Motors 

Perccnuge  of 

ATcntf  e  Load  to 

Coaaected 

Motor  Load 

1, 060 

30 

Group 

I 

18 

464 

10 

" 

I 

25-7 

^5Z 

10 

" 

I 

14.2 

1,108 

IS 

" 

I 

4» 

333 
918 

20 

Individual 

1 

8.8 

30 

Group 

I 

17-3 

1. 375 

15 

** 

I 

.'52-3 

2.436 

80 

•« 

2 

16 

3.654 

55 

" 

3 

50 

465 

17.5 
1. 531 

•* 

3 

15 

>  48,507 

76 

Total 

7.425 

76.5 

Tanneries 

3-8 

.34-4  Average 

666 

8 

Group 

2 

61.8 

2.657 

35 

'* 

3 

"^^-^ 

1,412 

20.5 

** 

4 

.38 

2.701 

20 

2 

90 

4.903 

60 

2 

41. 1 

12,339 

143-5 

13 

Total 

2,466 

28.6 

2.6 

54.6  Average 

roBAcco  Manufacturing 

1,288 

15 

Group 

I 

47-7 

1,000 

10 

" 

3 

53-5 

450 

30 

" 

I 

9 

11,026 

194-5 
249-5 

23 

29 

13.764 

28 

Total 

3.441 

62.3 

WOOD-WORKINC 

7 

37.5  Average 

600 

10 

Group 

r 

.30.8 

300 

10 

ti 

1 

20 

^76 

5 

" 

1 

30-8 

10 

(1 

1 

33 

•^ 

70 

11 

7 

14-5 

46 

■' 

9 

33-3 

492 

22.5 

u 

3 

24-5 

4.391 

63 

" 

8 

42.2 

600 

25 

" 

5 

25 

'■% 

35 

ID 

II 

4 
4 

11.8 

976 

22.5 

II 

r 

26.6 

2,900 

20 

II 

I 

79 

483 

15 

it 

I 

21-5 

3,070 

82 

u 

5 

22.2 

7,956 

67-S 

If 

3 

67 

1.585 

47-5 

II 

4 

17.8 

T.380 

20 

u 

r 

.t6.8 

1.583 

57-5 

It 

3 

14-2 

?o8 

7-5 

It 

I 

15-8 

1.666 
1.21S 

25 
15 

If 
<l 

4 

I 

m 

9.200 

82.S 

<l 

5 

59-8 
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Wood-working — Continued 


Percentage  of 


K.  W.  H, 
per  Month 

i„onnecte<] 

Motor  Load 

in  H.  P. 

individual 

or  (rroup 

Drive 

Number  of 
Motors 

Averaxe  Lottd  to 
Coonected 
Motor  Load 

2.270 

37-5 

Group 

I 

31 

765 

16 

•• 

2 

29 

5«6 

15 

" 

I 

27.4 

40.69s 

364 

*' 

28 

64-S 

1.296 

25 

'* 

2 

26.5 

4.424 

90 

" 

5 

27 

1.333 

30 

tt 

I 

237 

1-333 

10 

I 

71.2 

600 

IS 

*' 

I 

20.5 

1,606 

35 

*» 

2 

30.6 

993 

15 

*' 

I 

44.2 

841 

15 

u 

I 

38.8 

840 

12 

•' 

I 

46.6      . 

305 

25 

I 

72.4 

967 

IS 

" 

I 

38.2. 

900 

20 

" 

I 

23 

1,333 

10 

" 

I 

70      ■• 

1.750 

30 

" 

4 

30 

1-502 

25 

" 

2 

34 

135 

5 

I 

14.4 

193 

7-5 

" 

I 

14-7 

225 

5 

'* 

I 

60 

132 

5 

** 

I 

35-2 

156 

7.5 

" 

I 

27.8 

1.436 

60.5 

Individual 

9 

143 

4-994 

125 

*' 

18 

24 

1,508 

68 

Group 

7 

13     "     • 

4,000 

40 

•* 

I 

51 

772 

15 

•' 

I 

28.6 

2.700 

125 

** 

10 

II 

150 

5 

I 

40 

356 

10 

" 

I 

47.7-  .- 

900 

25 

** 

I 

24 

977 

IS 

f. 

I 

34.8.    , 

1.750 

30 

'' 

4 

30 

1,000 

25 

'* 

I 

20.4 

750 

30 

" 

I 

13-4 

2,620 

100 

Individual 

14 

16 

2.690 

81 

" 

15 

ig    . 

3.046 

64-5 

*. 

7    • 

3T 

5-560 

110 

Group 

7 

28      . 

147.620 

2.532 

234 

Total 

2,306 

39-5 

Woolen  Mil 

3.6 

LS 

33.3  Average 

20.985 

ISO 

Group 

3 

71     '" 

GRAND    TOTALS 

Total  kilowatt-hours  per  month 3.329.298 

Average  kilowatt-hours  per  month  per  consumer 3.SOO 

Xumber  of  consumers :      95i 

Total  horse-power  connected S4,54i 

Total  number  of  motors ;  S>785 

Average  number  of  motors  per  consumer •          6.08 

Grand   average   load..., per  cent,  ,33.9 
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Referring  to  the  above  tables  you  will  notice  that  there  is 
a  considerable  difference  in  the  average  kw-hour  consumption 
in  the  plant  driven  by  individual  motors  as  against  the  plant 
run  by  a  group-drive  installation.  The  difference  in  the  average 
load  for  these  two  classes  of  drive  will  not  indicate  the  exact 
difference  in  the  consumption  of  current  for  a  given  factory, 
owing  to  the  fact  that  the  group-drive  installation  would  prob- 
ably be  in  the  neighborhood  of  80  per  cent  of  the  individual- 
motor  connected  load.  If  an  individual  installation  were  made 
there  would,  however,  be  a  saving  that  would  a  great  deal  more 
than  offset  the  interest  on  the  investment  in  the  extra  cost  of 
motors  for  such  an  installation,  and  a  close  study  of  the  above 
figures  should  convince  us  that  wherever  possible  the  use  of 
a  number  of  motors  is  preferable  to  the  use  of  a  few.  Having 
seen  very  few  of  the  motor  installations  in  other  cities,  it  is 
impossible  to  draw  exact  conclusions  from  the  above  figures. 
The  following  table  gives  a  list  of  installations  of  two  large  com- 
panies in  one  city  with  which  1  am  familiar,  and  you  will  notice  in 
comparing  the  averages  of  this  table  with  those  of  the  previous 
one,  that  they  arc  very  similar.  The  figures  in  this  table  were 
compiled  very  carefully  and  in  some  cases  the  current  consump- 
tion for  a  period  of  two  years  was  taken  into  consideration. 


K.  w.  H. 
per  Month 

3.327 


640 
1.518 


5.800 
1.009 


6.086 


436 

4.525 


1,400 
5-2.M 


Connected 

Motor  Load 

in  H.  P. 

28.5 


20 
515 

60 
20 


9-»S 


6 

45 


23 
60.5 


Brass  Beds 

Individ  iial 

or  Group 

Drive 

Group 


Number  ot 
Motors 


12 


Butchers  and  P.ackers 


Individual 

Bakeries 
Group 


Box  Manufacturing 
Group  54 

Boots  and  Shoes 

Group  r 

14 

Can  Manufacturing 


Group 


Percentage  of 

Averare  Load  to 

Connected 

Motor  I  oad 

32-3 


19 

17 


20 

33 


^7 


43 
SI 


74 
49 
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Carpet-cleaning 


K.  w.  H. 
per  Mooth 

1,126 


1. 189 


Connected 

Motor  Load 

in  H.  P. 


Individ  tial 

or  Group 

Drive 


Number  ot 
Motors 


15  Group  I 

Chemical  Works 
40  Group  7 

Candy  Manufacturing  Companies 


Perccntnce  of 

Averace  Load  to 

Connected 

Motor  Lond 

43 


21 


800 

iS 

Group 

3 

30 

3.316 

65 

** 

12 

29 

^.J76 

83 

Individuiil 
Clothing 

^7 

26 

485 

12.5 

(iroup 

7 

22.1 

1.736 

21.5 

18 

49 

li 

nckaving  and  Stereot 

YPING 

938 

JO 

Indivijhial 

^.^ 

>5 

1.415 

39 

'■ 

25 

23 

10.927 

162 

Foundries 

91 

40 

2,490 

56 

Individual 

5 

23 

2,511 

159 

" 

21 

IC 

1,663 

80 

** 

4 

14 

2.665 

38 

Group 

5 

38 

3.305 

88 

Individual 

13 

21 

5.397 

85 

'* 

10 

36 

756 

22.5 

Keathek  Cleaners 

3 

20 

1.697 

35 

Group 

I 

27-5 

3.197 

7.V75 

Individual 

10 

24 

G 

lass-grinding  and  Bev 

eling 

5.79s 

64-5 

Group 

10 

SO 

General  Manufacturing 

1.982 

75 

Individual 

11 

T5-I 

10.291 

197 

43 

21 

326 

5 

4 

40 

3,600 

83 

Group 

8 

23 

810 

29 

'■ 

5 

20 

1.462 

M 

" 

10 

25 

3.4H5 

67 

Individual 

27 

30 

11.604 

250 

Group 

5 

30 

1.586 

26 

** 

11 

36.8 

436 

.^9 

** 

8 

17 

6.640 

82.5 

" 

II 

44 

3.000 

85 

(. 

A 

20 

200 

5 

*' 

2 

24 

200 

5 

■■ 

I 

24 
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General  Manufacturing — Continued 


K.  W.  H. 

per  Month 

Connected 

Motor  Load 

in  H.  P. 

IndiTidiul            m.._i^.  „/ 

or  Group             ^m^I,"^ 

DriTt                   ***'"" 

PercenUKC  of 

ATerage  Load  tc 

Connected 

Motor  Load 

0,893 

173 

Individual 

21 

23 

2,929 

60 

*• 

28 

28 

45,624 

225 

Group 

8 

44 

2,861 

76.5 

" 

12 

21 

13.100 

95 

'■ 

6 

52 

Hoisting  and  Conveying 

16.413 

471-5 

Individual 

16 

17 

7,944 

380 

Ice  Machines 

16 

i(» 

9,000 

137 

Individual 

I 

69 

3.541 

30 

" 

I 

55 

28,700 

77 

•" 

5 

57 

734 


Jewelry  Manukacturing 
Group  I 


352 


Marble-finishing 

4,625 

60 

Group 
Laundry 

3 

41 

1.930 

37.25 

Group 
Machine  Shops 

5 

29 

2.680 
9,274 
9,471 

1,000 
10,482 
10,300 

62.5 

147-5 
108.5 

160 
"5 

Group 

*« 
Newspapers 

5 
11 

15 
4 

6 

24 

25.1 

59 

49 

38 

SI 

25,411 

3,873 

2,825 

33,320 

Individual 
<• 

Ornamental  Iron 

14' 

4 

II 

118 

12 
7.4 

6,881 

72 

Group 

8 

53 

Paint  Manufacturing 

T  1.674 

253-5 

Individual 
Printers 

22 

26 

5.018 
4.396 
3. 1 18 
3.642 
2,764 

76.5 
73 

58-75 
108 
46 

Individual 

u 

34 
32 
36 
45 
30 

38 
30 
40 
20 
36 

3" 


466 

Printers — Continued 

K.  W.  H. 

per  Month 

Connected 

Motor  Load 

10  H.  P. 

Individual            Number  of 

Percentage  o( 

Average  Load  to 

Connected 

Motor  Load 

232 

5-25 

Individual 

9 

24.8 

1,121 

20.25 

" 

12 

34 

2,028 

SI 

" 

16 

24 

2,849 

60 

** 

35 

27 

186 

3-5 

'* 

3 

31 

506 

10.5 

Group 

1 

27 

2.465 

30 

Individual 

16 

24 

511 

8 

" 

6 

36 

1.3.827 

580 

" 

■22 

24 

X4.OO4 

141-5 

46 

26 

Pi 

PE  AND  Plumbers"  Fittings 

11,481 

167.5 

Group 

20 

38 

9.274 

147-5 

II 

251 

ShEET-MET.VL    MANLTFALTURINt; 

'.355 

39-5 

Group 

8 

22.5 

125 

6 

" 

2 

II 

562 

42.5 

Individual 

5 

9 

1.373 

64 

Seeds 

6 

15 

1.888 

27-5 

Group 

3 

41 

9.«93 

17.5 

Individual 

21 

25 

SriCK: 

^  Manufacturinc;  and 

Grocers 

4.968 

90.3 

Group 

6 

30 

524 

2<"<.5 

Individual 

5 

18 

i,7(X) 

.V) 

Group 

4 

25 

7,080 

170 

12 

25 

4.623 

72.5 

Structukai.  Steel 

4 

32.8 

5.090 

212.5 

Group 

15 

23 

2.511 

159 

Individual 

21 

10 

22,834 

415 

" 

32 

30 

8.276 

210 

" 

24 

22 

754 

20 

Group 
Stoxe-cltting 

I 

22 

465 

US 

(iroup 
Type-founders 

3 

15 

1.516 

27 

Group 

4 

.^;5 

Toii.uco  Manufacturinc. 

450 

30 

Group 

I 

9 

11.026 

:94-5 

WOOD-WORKINC 

23 

29 

2.620 

100 

Individual 

14 

16 

2.690 

81 

'• 

IS 

19 

3.046 

645 

If 

7 

31 

467 

Wagon  Manufactusing 

V   w  u               Cowiected  IndiTidiwl  m      w       #  Percentage  of 

K.  W.  H.            ij^Xi^i^A  «,  r  J^.w,  Number  of  Arenre  Ix>ad  to 

per  Month              i"h    P^                    nJf^"^                Motors  Connected 

'"  "•  ^-                     °"'*  Motor  Load 

567  20  Individual  6  18 

Totals  of  iio  Consumers  as  Shown  Abovk 

Per  Cent 
580,950  10,627.5  1.512  30.3  Total 

5,281  96.6  13.7  30.3  Average 

Individual  Drive — 54  Consumers 

281,958  6,608  1,078  Total 

5,221  122.3  ^  22-9  Average 

Group  Drive — 56  Consumers 

298,992  4,019  434  Total 

5.339  718  8  33      Average 

The  following  is  a  statement  showing  the  number  of  com- 
panies communicated  with  and  those  heard  from,  together  with 
the  portion  sending  usable  information.  You  will  notice  that 
there  were  190  companies  not  heard  from  in  any  way.  If  we 
are  to  have  this  information  compiled  in  a  thorough  manner 
in  future  it  is  necessary  to  hear  from  all  companies  that  have  a 
power  load.  A  great  many  of  the  larger  companies  have  sent 
no  information,  for  one  reason  or  another.  This  accounts  for 
the  small  connected  horse-power  load  in  the  general  table  of 
power  information.  The  compiling  of  similar  data  at  some 
future  day,  when  the  number  of  customers  for  each  class  of 
business  is  larger,  will  be  more  accurate  than  the  present  infor- 
mation, and  I  would  suggest  that  this  subject  be  thoroughly 
investigated,  as  such  information  can  be  made  of  great  value  to 
central-station  companies  in  acquiring  new  business. 

Companies  communicated  with. 458 

"          heard  from 269 

"          not  heard  from 190 

"          sending  power  data. , 99 

"               "        usable  data 75 

"          stating  they  had  no  power  data 127 

Respectfully  submitted, 

E.  W.  Lloyd,  Reporter. 
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DISCUSSION 

The   Presipent:    Gentlemen,  this  report  is  open   for  dis- 
cussion. 

Mr.  Dunham  :  There  is  an  element  in  the  report  that  has 
been  overlooked.  Our  largest  user  of  power  is  the  fimi  of 
Pratt  and  Whitney.  We  sell  them  650  horse-power.  They  asked 
me  to  make  a  certain  price,  and  ljrouj:,dit  down  a  ream  of  paper 
and  showed  what  it  cost  to  make  this  power  in  three  large 
establishments  where  they  ran  generators  by  steam  and  had 
motors  scattered  all  over  the  factory.  You  must  compete  with 
that.  You  can  not  base  your  ideas  on  motors  simply,  because 
they  pay  for  the  motors  and  can  put  in  steam  engines  direct- 
connected  to  the  gencratc>r,  to  make  their  own  current,  as  well 
as  the  central  station  can.  An  element  comes  in  there  which  will  be 
overlooked  unless  you  have  put  out  a  very  large  amount  of  p>o\ver 
for  a  small  place.  We  find  that  on  5000  horse-power  of  motors 
installed,  we  delivered  from  the  switchboard  about  40  per  cent; 
that  is  to  say,  the  averages  of  the  power  ail  through  the  town 
will  run  a  g(X)d  deal  less  than  the  total  input  of  motors.  I  think 
that  is  where  the  profit  comes  in.  You  figure  that  yon  are  selling 
a  certain  horse-p<:>wer.  and  you  are  not  delivering  it.  Our  price 
is  based  on  nine  hours'  use,  and  we  escape  the  peak  except  for 
two  months  in  the  year.  They  stop  at  five  o'clock  all  the  year 
round.  Perhaps  for  two  months  there  is  a  small  peak,  which 
we  supply  by  storage  hittery. 

The  President:  I  want  to  call  the  attention  of  the  mem- 
bers to  a  feature  of  this  subject  that  has  struck  me  as  being  of 
peculiar  value  to  such  members  as  have  not  yet  undertaken  the 
furnisbing  of  electric  {>ower  to  factories.  This  reix>rt  was  to 
be  put  in  such  shape  that  if  any  application  were  made  for 
business  a  reference  to  it  wT>uld  give  the  central-station  manager 
an  approximate  estimate  of  the  relation  between  the  average 
load  and  the  connected  load.  When  this  paper  was  first  spoken 
of  there  was  a  great  question  as  to  whether  or  not  the  figures 
finally  obtained  would  justify  a  reasonable  belief  that  the  aver- 
ages could  be  properly  applied  by  a  central  statioii  not  able  to 
go  to  the  expense  of  employing  educated  engineers.  I  am  sure 
Mr.  Lloyd  would  point  out.  if  be  were  here,  that  the  averages 
in  the  paper  will  constitute  a  good  basis  upon  which  an  esti- 
mate  can   he   made  by   a   central-station   manager   having   very 
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little  practical  knowledge  of  the  business  for  which  the  power  ts 
contracted.  1  should  like  to  hear  this  phase  of  the  subject  ampli- 
fied. Unfortunately,  the  use  of  power  in  my  town  is  not  suffi- 
ciently large  to  justify  any  further  remarks  on  my  part. 

Mr.  Gn.i>::  There  is  one  point  in  the  report  that  should  be 
emphasized,  and  that  is  where  it  is  shown  that  isolated  plants 
are  obliged  to  run  during  winter-time  to  get  sufficient  steam  to 
heat  their  buildings  atid  are  not  required  to  have  the  steam  in 
the  summer-time.  J  think  a  considerable  revenue  can  be  derived 
from  getting  the  business  in  the  summer-time  that  can  not  be 
obtained  on  a  profitable  basis  in  the  winter. 

Mr.  Eglin  :  In  reference  to  the  tables  given  in  Mr.  Lloyd's 
paper.  I  had  the  pleasure  of  reading  the  paper  previous  to  the 
meeting  and  was  not  inclined  to  agree  with  the  arrangement  of 
the  tables  of  the  average  results.  In  the  case  of  a  machine  shop 
or  a  single  class  of  work,  he  takes  the  average  of  the  total  num- 
ber, and  if  you  look  through  this  paper  you  will  find  one  or  two 
machine  shops  with  600  horse-power  and  then  a  large  list  with 
five,  ten  and  fifteen  horse-power.  The  average  horse-power 
for  machine  shops  might  be  somewhat  misleading,  in  view  of  the 
fact  that  the  one  or  two  cases  will  raise  the  average;  especially 
so,  I  think,  if  these  tables  should  be  generally  used.  On  the 
other  hand,  the  case  is  so  evident  that  it  will  be  easy  to  correct 
these  averages  for  persons  desiring  that  information ;  so  I  feel 
that  perhaps  Mr.  Lloyd  had  no  recourse  hut  to  make  the  averages 
as  he  did  in  ihc  tables.  1  feel  Ihat  the  association  has  received 
in  this  report  just  the  kind  of  information  that  is  wanted  by  the 
members,  and  we  arc  inflchled  to  Jfr.  Lloyd  for  the  able  way  in 
which  he  has  presented  it  to  us  and  for  the  large  amount  of 
data  he  has  placed  at  our  disposal. 

Mr.  Emerick:  Information  is  desired  of  cases  where  a 
proposition  has  been  made  involving  power  furnished  a  con- 
cern whose  by-products  are  available  in  the  way  of  fuel,  such 
as  sawdust,  shavings,  buckwheat  shucks,  or  anything  of  a  simi- 
lar nature.  We  had  one  case — that  of  a  buckwheat  mill  turn- 
ing out  large  quantities  of  buckwheat  shucks,  ordinarily  used 
for  fuel  and  possessing  considerable  value  for  that  purpose.  This 
particular  plant  runs  for  about  five  months  in  the  year,  24  hours 
a  day.  making  enough  shucks  to  furnish  the  fuel  it  requires.  In 
order  to  become  acquainted  with  the  facts  in  this  and  similar 
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cases,  I  spent  a  couple  of  days  in  looking  up  plants  of  the  same 
kind,  and  found  that,  contrary  to  my  first  belief,  the  shucks  had 
a  decided  fuel  value.  The  situation  was  a  difficult  one  to  handle, 
as  the  plant  requires  some  steam  for  drying  purposes  as  well  as 
for  heating.  After  considerable  time  spent  on  the  proposition, 
we  finally  worked  out  a  plan  whereby  we  allowed  a  rate  that 
appeared  to  them  quite  low,  and.  in  fact,  was  low  for  power  to  be 
furnished  during  1 8  hours.  We  dictate  the  daily  period  each 
month,  thereby  relieving  ourselves  of  a  load  of  this  kind  during 
the  peak,  and  enabling  us  to  control  the  demand  in  a  way  that 
satisfies  both  the  customer  and  the  central -station  conditions. 

Mr.  Gilchrist:  I  wish  to  emphasize  one  point  brought  up 
by  Mr.  Lloyd,  which  I  think  is  of  great  importance  to  all  the 
companies,  and  that  is  discountenancing  the  practice  of  attempt- 
ing, without  sufficient  investigation,  to  get  business  by  cutting 
rates.  Mr.  Lloyd  has  shown  quite  conclusively  that  the  average 
plant  now  running  from  steam  engines  is  improperly  designed, 
and  by  good  engineering  a  great  economy  can  be  obtained,  which 
can  be  laid  to  the  credit  of  the  electrical  installation  if  the  man 
in  charge  of  the  deal  is  clever  enough  to  take  advantage  of  it. 
Some  economy  undoubtedly  might  be  obtained  by  a  redesigning 
of  the  customer's  steam  plant.  Many  times  by  nursing  a  man 
along  and  educating  him  he  can  be  worked  up  to  a  place  where 
he  will  pay  a  much  higher  price  than  on  the  first  estimates  you 
can  make  him  believe  will  be  advantageous  to  him.  and  tlien  when 
you  get  him  you  can  convince  him  of  the  truth  of  your  argument 
that  even  at  that  higher  price  it  is  a  more  economical  proposi- 
tion for  him. 

I  can  cite  one  case  that  will  give  an  answer  to  the  question 
raised  by  Mr.  Emerick.  We  had  the  case  of  a  concern  that 
manufactured  coffins.  They  used  probably  150  to  175  horse- 
power. They  had  operated  by  steam  and  had  a  great  deal  of 
hard-wood  sawdust,  shavings  and  chips  (which  are  not  so  mar- 
ketable as  soft-wood  shavings)  as  refuse,  which  they  used  for 
generating  steam.  We  worked  on  them  a  long  time,  and  the 
lowest  rate  we  wanted  to  quote  was  4,5  cents  per  kilowatt-hour. 
They  showed  us  that  they  could  not  afford  to  pay  more  than  2.5 
to  three  cents  per  kilowatt-hour.  We  argued  that  their  average 
load  would  be  nothing  like  so  large  as  they  thought  it  would  be 
and  that  their  bills,  instead  of  being  $250  per  month  at  2.5  to 
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three  cents  per  kilowatt-hour,  would  not  be  over  $150  to  $175  at 
4.5  cents  per  kilowatt-hour.  We  finally  induced  them  to  put  in 
a  kiln  for  drying  their  lumber,  which  was  done  by  using  the 
refuse  as  fuel,  and  then  by  making  them  a  maximum  guarantee 
for  a  period  of  one  year  of  $2.00  per  horse-power  installed,  with 
the  definite  understanding  that  it  was  merely  a  test  and  that  we 
would  not  consider  such  a  proposition  for  more  than  one  year, 
but  that  at  the  end  of  the  year  they  must  go  on  the  meter  rate, 
we  signed  them  up.  The  results  were  favorable,  and  they  have 
never  had  a  bill  over  $175. 

I  believe  it  is  a  debt  we  owe  to  the  association  and  to  our- 
selves to  attempt  to  keep  the  rates  as  high  as  is  fair  to  be  charged. 
I  do  not  mean  by  that  to  attempt  to  force  rates  above  what  is 
fair,  because  such  a  policy  will  undoubtedly  react,  and  react 
seriously ;  but  merely  to  avoid  being  stampeded  into  making  rates 
based  on  special  installations  which  are  lower  than  we  can  afford 
to  make  generally. 

Mr.  Eglin  has  surmised  Mr.  Lloyd's  idea  in  the  matter  of 
these  averages.  He  figures  that  while  the  average,  taking  the 
case  of  machine  shops,  runs  from  12  per  cent  of  the  connected 
to  70-odd  per  cent  of  the  connected,  to  strike  an  average  of, 
say,  40  per  cent  would  furnish  no  criterion,  but  would  at  least 
give  you  this  advantage  that  you  could  say  to  a  man  that  there 
would  be  no  use  in  considering  single  motors,  because  he  was 
going  to  put  in  several  motors.  Take  all  the  installations  that 
have,  say,  four  motors  or  more,  and  you  will  find  that  the  highest 
average  is  62  per  cent  and  the  lowest  average  is  40  per  cent. 
You  are  going  to  get  something  between  40  per  cent  and  62 
per  cent,  in  all  probability,  because  here  is  a  fair  number  of 
cases.  So,  if  we  start  on  the  assumption  that  you  will  have 
an  average  as  high  as  the  highest,  we  insist  on  your  taking  that 
as  the  starting  point,  and  insist  that  you  figure  on  your  average 
and  not  on  your  connected  load  throughout  your  running  hours. 

The  President:  From  now  on  the  business  of  the  con- 
vention will  be  considered  in  executive  session. 
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'SSION 


REP(^)RT    OF 


THE    COMMITTEE    ON    AMENDMENT^ 
TO  THE  CONSTITUTION 


The  President:  We  will  now  have  the  report  of  the  com- 
mittee on  amendments.  The  amendments  have  hccn  handed 
to  the  secretary  b>  the  cottimutee.  consisting  of  Mr.  Henry  L. 
Doherty.  chairman;  Mr.  H.  T.  Hartnian  and  Mr.  G.  W.  Brine. 
The  secretary  will  read  the  amendments. 

The  foilowinjy  amemlmciit  to  the  by-laws  was  read  by  Secre- 
tary Farrand : 

Amend  Section  3,  Article  IV,  to  read  as  follows:  The 
vice-presidents  of  this  association  shall  be  members  of  the  execu- 
tive committee,  ami  the  retiring  president  shall,  by  reasttt  thereof, 
be  a  member  of  the  executive  committee  for  the  period  of  one 
year  after  the  expiration  of  his  term. 

On  motion,  the  amendment  was  imanimously  adopted. 

Secretary  Farrand  then  read  the  following  amendment : 

Amend  Article  V'lII  by  inserting  the  following  matter 
before  the  words,  "All  oflficers,  etc.'':  At  on  executive  session  to 
be  held  on  the  second  day  of  the  annual  convention,  there  shall 
be  chosen  a  nominating  committee,  to  be  composed  of  five 
accredited  representatives  from  member  companies  Class  A,  in 
the  folloiving  manner: 

Any  accredited  representative  of  a  member  company  Class 
A.  shall  have  the  privilege  of  making  nominations,  and  when 
such  nominations  are  seconded  by  any  other  such  accredited 
representative,  that  nominee  shall  be  one  of  those  to  be  voted 
for.  dominations  in  this  manner  may  continue  until  a  resolu- 
tion shall  be  adopted  to  close  the  lists.  After  the  lists  are  closed, 
a  ballot  shall  then  be  taken.  The  accredited  representative 
present  of  any  Class  A  member  company  shall  have  the  right 
of  Z'oting  for  five  of  those  placed  in  nomination  in  the  manner 
prci'iously  described.  The  iirie  nominees  receiving  the  highest 
number  of  votes  shall  constitute  the  nominating  committee. 

This  nominating  committee  shall,  at  a  subsequent  executive 
session,  bring  in  the  names  of  those  recommended  by  them  for 
the  several  offices  to  be  filled. 
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The  submission  of  names  by  the  nominating  committee  shall 
not,  hoivever,  debar  any  accredited  representative  of  a  Class  A 
member  company  from  making  nominations  for  any  or  all  of  the 
several  offices  to  be  filled,  which  nominations,  if  seconded,  shall 
be  submitted  for  election  at  the  same  time  and  in  the  same  man- 
ner as  those  of  the  nominating  committee.  Whenever  there  are 
more  nominees  than  vacancies  to  be  filled,  then,  in  such  cases, 
the  election  shall  be  decided  by  ballot.  When  there  is  no  con- 
test for  any  office,  the  secretary  may  be  instructed  by  a  viva  voce 
vote  to  cast  the  ballot  for  those  recommended  by  the  nominat- 
ing committee. 

(On  motion,  the  amendment  was  unanimously  adopted.) 

REPORT  OF  THE  COMMITTEE  ON  NOMINATIONS 

The  President:  We  will  now  hear  the  report  of  the  com- 
mittee on  nominations. 

Mr.  Louis  A.  Ferguson  :  Mr.  President,  the  committee 
on  nominations  desires  to  make  the  following  report: 

For  president,  William  H.  Blood,  Jr.,  of  Seattle,  Wash. 

For  first  vice-president.  Arthur  Williams,  of  New  York  City. 

For  second  vice-president,  Dudley  Farrand,  of  Newark,  N.  J. 

For  three  members  of  the  executive  committee,  to  serve  for 
three  conventions :  Charles  L.  Edgar,  of  Boston ;  John  Martin,  of 
San  Francisco ;  Frank  W.  FrueauflF.  of  Denver. 

Respectfully  submitted, 

"  Louis  A.  Ferguson,  Chairman, 
Paul  Doty, 
Committee,  \  Paul  Spencer, 
N.  F.  Brady, 
Samuel  Scovil. 

The  President:  Gentlemen,  you  have  heard  the  report  of 
the  committee  on  nominations;  what  is  your  pleasure? 

Mr.  Abell:  I  move  that  the  secretary  be  empowered  to 
cast  the  ballot  of  the  members  present  for  the  unanimous  elec- 
tion of  the  members  nominated. 

(The  motion  was  seconded  and  carried.) 

Mr.  Ferguson  :  Before  the  ballot  is  cast,  I  would  say  that  the 
reason  why  the  committee  on  nominations  did  not  name  a  nominee 
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for  the  office  of  secretary-treasurer  is  because  the  by-laws  state 
that  the  secretary  and  treasurer  shall  be  nonimated  by  the  presi- 
dent and  contirmed  by  the  executive  cotnniittee.  This  practice, 
however,  has  not  been  followed  for  the  past  two  years.  Last 
year  the  present  secretary.  Mr.  Dudley  Farran<l.  was  elected  by 
the  convention,  and  I  think  that  inasmuch  as  the  secretary- 
treasurer  is  no  longer  a  paid  officer  it  would  be  a  very  compli- 
mentary thing  to  elect  a  gentleman  by  the  convention  at  the 
same  time  that  the  other  officers  are  elected,  and  I  would  say- 
that  it  is  the  sense  of  the  committee  on  nominations  that  the 
new  secretary-treasurer  should  be  Mr.  W.  C.  L.  Eglin,  of  Phila- 
delphia. 

(The  secretary  cast  the  ballot  and  the  president  declared 
the  nominees  unanimously  elected.) 

Mr.  Ferguson:  In  view  of  what  I  have  just  said,  I  move 
that  the  executive  committee  be  recommended  to  select  as 
secretary-treasurer  Mr.  W.  C.  L.  Eglin,  of  Philadelphia. 

(The  motion  was  seconded  and  carried.) 

The  President:  Gentlemen,  I  have  pleasure  in  present- 
ing to  you  Mr.  Blood,  your  new  president.  1  can  only  bespeak 
for  him  the  same  kind  consideration  that  has  been  accorded  me. 
I  believe  he  will  receive  during  his  administration  the  hearty 
support  of  all  our  members. 

Let  me  say  a  few  words  for  myself.  I  am  the  representa- 
tive of  a  small  company,  and  I  was  unexpectedly  elected  to  the 
presidency  of  this  association,  as  Mr.  Blood  has  been  on  this 
occasion,  and  the  importance  of  the  position  impressed  me  very 
much.  I  believe  that  few  of  our  members  appreciate  the  great 
influence  of  the  association  and  the  fact  that  we  are  making  his- 
tory, whether  we  act  or  whether  we  do  not  act.  I  have  been 
trained  as  a  lawyer  ami  drifted  into  this  business,  and  what  has 
struck  me  forcibly,  as  I  stated  in  my  address,  is  the  great  danger 
to  the  industry  of  unwise  legislation. 

I   take  great  pleasure  in   introducing  Mr.   Blood. 

Mr.  Blood:  Mr  President  and  Gentlemen — It  is  said  that 
there  is  no  state  in  the  country  where  the  lightning  comes  out 
of  a  clear  sky  as  it  does  here  in  Colorado.  This  time  it  certainly 
came  out  of  a  clear  sky  as  it  struck  me.  The  honor  is  entirely 
unext>ected,  and  I  hardly  know  what  to  say.  I  appreciate  it  very 
highly.     I  realize  my  own  shortcomings,  and  also  realize  that  the 
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only  way  I  can  make  a  success  in  holding  so  high  an  office  in 
this  association  is  through  your  hearty  co-operation,  and  I  ask 
that  I  may  receive  from  you  the  same  assistance  that  you  have 
given  to  your  presidents  in  the  past. 

A  few  years  ago  this  association  was  put  on  a  very  high 
plane,  and  I  think  that  to-day  it  ranks  as  high  as  any  organiza- 
tion of  the  kind  in  the  country.  I  hope  nothing  may  happen 
during  the  coming  year  to  lower  in  any  way  the  high  standard 
we  have  attained  as  an  association ;  but  I  can  succeed  in  my  work 
here  only  with  your  hearty  co-operation.  I  thank  you  most 
cordially  for  the  honor  you  have  conferred  upon  me  in  elect- 
ing me  president  of  so  important  an  organization. 

The  President:  Gentlemen,  we  will  now  have  the  report 
of  the  committee  on  the  president's  address.  Mr.  Louis  A. 
Ferguson  is  chairman  of  that  committee. 

The  following  report  was  presented  by  Mr.  Ferguson: 

REPORT  OF  THE  COMMITTEE  OX  THE  PRESI- 
DENT'S ADDRESS 

Mr.  President  and  Gentlemen:  Your  committee  agrees  most 
fully  in  the  position  taken  by  our  esteemed  president  regarding 
the  matter  of  unwise  and  restrictive  legislation,  as  expressed  in 
the  following  paragraph  of  his  address. 

"The  one  great  and  constant  menace  to  the  industry  is 
unwise,  burdensome  and  restrictive  legislation  by  the  munici- 
pality and  the  state.  The  right  to  tax  is  the  power  to  destroy. 
The  power  to  regulate  contains  the  germ  of  the  danger  of  con- 
fiscation, in  whole  or  in  part.  The  regulation  of  the  industry 
by  a  commission  with  powers  such  as  are  vested  in  the  Gas  and 
Electric  Light  Commission  of  the  state  of  Massachusetts,  may  be 
proper  and  satisfactory  as  safeguarding  both  the  rights  of  the 
public  and  of  the  investor.  But  regulation  by  a  commission 
brought  into  being  by  a  manufactured  public  sentiment,  and 
having  its  inception  in  politics,  and  not  primarily  or  honestly 
intended  to  remedy  any  admitted  public  oppression  or  to  properly 
regulate  the  use  of  public  franchises,  can  not  be  fair  either  to 
the  public  or  to  the  investor,  and  must  result  in  gross  injustice 
to  the  industry. 

"The  association  should  not  be  passive  while  laws  placing 
the  industry  under  the  regulation  of  commissions  are  passed 
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by  the  several  states,  without  making  proper  suggestions  whereby 
such  laws  would  be  made  reasonable  and  uniform  in  their  pro- 
visions. Nor  should  it  permit,  without  protest,  the  passage  of 
any  laws  admittedly  unduly  restrictive  and  burdensome.  The 
object  should  be  to  have  the  general  laws  of  the  several  states, 
relating  to  the  induslr}'.  conform  to  some  standard  fair  both  to 
the  public  and  to  the  industry. 

■'For  one  state  to  grant  only  very  limited  term  franchises 
under  burdensome  restrictions,  and  for  another — and  possibly 
an  adjoining  state — to  grant  perpetual  franchises  without  restric- 
tions;  for  one  state  to  reserve  the  right  to  fix  and  change  the 
rate  of  charge  fur  service  rendered,  and  for  another  state  to 
empower  any  municipality  to  make  any  rate  it  may  see  fit,  and 
to  change  the  same  when  and  as  it  pleases,  can  not  but  injuriously 
affect  the  stability  of  the  industry  from  the  standpoint  of  the 
investing  public. 

"I  woidd,  therefore,  recommend  the  appointment  of  a  stand- 
ing committee  on  legislation  to  aid  in  protecting  the  interests 
of  our  nienil)ers  should  occasion  arise." 

We  endorse  the  recommendation  of  the  president  as  to  the 
appointment  of  a  stanrling  committee  on  legislation,  but  in  the 
time  at  our  disposal  we  do  not  feel  that  we  are  prepared  to  recom- 
mend a  definite  method  of  procedure  in  this  respect.  We  would 
recommend,  however,  that  this  very  irnpoiiant  and  pressing 
matter  be  given  itnmediate  and  full  consideration  by  the  execu- 
tive committee. 

We  most  heartily  approve  the  suggestion  of  our  president 
for  the  encouragement  of  state  and  sectional  organizations,  and 
the  co-operation  of  the  proposed  committee  on  legislation  with 
those  bodies. 

We  wish  to  emphasize  most  strongly  the  advice  given,  that 
by  way  of  self-protection  the  central  stations  should  more  than 
live  up  to  the  obligations  of  their  franchises;  should  furnish  public 
lighting  at  reasonable  prices,  and  serve  the  public  so  well  that 
any  agitation  started  for  political  or  personal  ends  will  not 
receive  the  support  of  a  justly  indignant  public. 

We  would  call  the  attention  of  the  member  companies  to 
the  growth  in  numbers  of  the  membership  resulting  from  the 
change  in  our  by-laws,  as  shown  by  the  figures  given  in  the 
president's  report,  and  would  respectfully  advise  the  member 
companies  to  continue  to  take  advantage  of  this  change. 
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We  endorse  the  recommendation  of  tlie  president  as  to  the 
appointment  of  a  committee  to  work  in  conjunction  with  the 
Association  of  Licensed  Manufacturers  of  Incandescent  Lamps, 
which  association  has  appropriated  the  sum  of  $10,000  for  the 
purpose  of  co-operating  with  the  central-station  companies  for 
increasing  the  use  of  incandescent  lamps. 

We  would  especially  call  the  attention  of  the  incoming  presi- 
dent to  the  value  of  continuing  the  policy,  followed  during  the 
administration  just  closing,  of  calling  frequent  meetings  of  the 
executive  committee,  so  that  the  president  may  at  all  times  be 
fully  in  touch  with  the  needs  of  the  member  companies,  and  at 
the  same  time  have  the  benefit  on  all  occasions  of  the  judgment 
of  the  members  of  the  executive  committee. 

We  deem  it  highly  important  that  the  president's  sugges- 
tion be  carried  out  that  the  records  of  the  work  of  the  officers, 
executive  and  other  committees,  together  with  all  the  corre- 
spondence of  the  officers  and  executive  committee,  be  filed  and 
preserved  in  the  headquarters  of  the  association  in  New  York, 
for  reference  by  the  new  officers  and  committee. 

All  of  which  is  respectfully  submitted. 

Louis  A.  Ferguson,  Chairman, 
Frank  W.  Frueauff, 
Committee,  \  George  R.  Stetson, 
Samuel  Scovil, 
S.  T.  Carnes. 

(On  motion,  the  report  of  the  committee  was  approved.) 

The  following  report  was  presented  by  Mr.  Dudley  Far- 
rand,  secretary  and  treasurer  of  the  association: 

REPORT  OF  THE  TREASURER  FOR  THE  FISCAL  YEAR 
ENDING  DECEMBER  31,  1904 

January  i,  1904,  cash  in  bank $9f323.8o 

Petty  cash  in  hands  of  assistant  treasurer 150.00 


$9,473  80 


RECEIPTS   DURING   FISCAL    YE.^R 

Active  members'  dues 1903 $80.00 

Associate  members'  dues 1903 20.00 

Entrance  fees  active  members.  .1904 975-00 

Activt  members'  dues 1904 7,426.50 

Associate  members'  dues 1904 2,240.00 

Active  members'  dues 1905 35.00 

Associate  members'  dues 1905 20.00 
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Advertisements  in   Proceedings  Twenty-sixth  Con- 
vention     1,205.00 

Advertisements  in  Proceedings  Twenty-seventh  Con- 
vention   935 .00 

Sale   of   stenographic    report   Twenty-seventh    Con- 
vention   200.00 

Sale  of  badges   Twenty-seventh   Convention 118.00 

Sale  of  publications 413  80 

Reprints 223.79 

13,892  og 

Total   cash  on   hand   during   1904 $23(365.89 

DISBUBSF.MEKTS    DttSING    FISCAL    VEAR 

Expenses  of  former  secretary  and  treasurer $150.00 

Expenses  of  executive  committee  meetings 193-75 

Salary  of  assistant  secretary  and  treasurer 2,124.93 

Office  rent 671 .71 

Office   force 1,556.97 

tlcnera!    office    expenses 226.30 

Office    furniture 130.25 

Telephone  rental  and  messengers 122.74 

Badges    for    Twenty-seventh    Convention 138- 14 

Expenses  account  World's  Fair,  St.  Louis 299  50 

Expenses  account  municipal  plant  investigation  fund  79  00 

Expenses    accnimt   district    stram    heating   fund S6.83 

E.xpcnses  account  steam  turbine  cuiHinittcc 222.05 

Express    and    messengers 529.97 

Printing    and    stationery 330.02 

Printing  and  expenses  of  publication.s 2,650.25 

Printing  Proceedings   Twenty-sixth   Convention...  2,023.94 

Printing   Proceedings  Twenty-seventh  Convention..  4,034.06 

Postage    and    telegrams 674.33 

Expenses  account  Twenty-sixth  Convention 20.00 

Expenses  account  Twenty-seventh  Convention 549- 36 

Traveling  expenses 78.25 

Dues    refunded                           26.65 

Drafts    refuserl                           120.00 

$17,009  00 


STATEMENT    OF    FUNU    FOR    EXPENSES    OF    COMMITTEE    FOR    INVESTIGATING 
THE  PHOTOMETRIC  VALUES  OF  AKC  LAMPS 

January  1,  1904    Balance    on   hand $183.91 

No    receipts   or   expenses. 


Balance  on  hand  December  31,  1904 


$183.91 


MUNICIPAL   PLANT  INVESTIGATION   FUND 

January  i.  1904     Balance  on  hand $2,759.45 

Disbursed  during  1904 79. 00 


Balance  on  hand  December  31,  1904 


$2,680.45 


DISTRICT   STEAM    HEATING   CY)MMITTEE  rVSH 

January  i,  1904     Balance  on  hand $191.25 

Disbursed   during    1904 56.83 


Balance  on  hand  December  31,  1904 


$134-4* 
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STEAM   TURBINE  COMMITTEE 

January  i,  1904    Balance  on  hand $1,000.00 

Disbursed  during  1904 222.05 

Balance  on  hand  December  31,  1904  $777-95 

RECAPITULATION 
Cash  in  bank,  and  in  hands  of  assistant  treasurer  January  i,  1904    $9,473.80 
Receipts  during  the  year  1904,  as  per  detailed  list 13,^.09 

$23^5  89 
Disbursements  during  1904,  as  per  detailed  list 17,009.00 

Total  cash  on  hand  December  31,  1964 $6,356.89 

Cash    in    bank    December    31,    1904 $6,206.89 

Cash  in  hands  of  assistant  treasurer 150.00 

^.356.89 

CASH   ON   HAND  DECEMBER  3I,  l.N  THE  VARIOUS  FUNDS  AND  COMMITTEES 

Committee  for  investigating  the  photometric  values  of  arc  lamps  183.91 

Municipal    plant    investigation    fund 2,680.45 

District  steam  heating  committee  fund I34<42 

Steam  turbine  committee 777-95 

General  fund 2,580. 16 

Total  cash  on  hand  December  31,  1904 $6,356.89 

ASSETS 

Cash  as  per  statement $6,356.89 

Office  furniture 583.45 

$6,940.34 
LIABILITIES 

None  except  current  bills. 

Respectfully  submitted, 

Dudley  Farrand,  Treasurer. 


To  the  President  and  Directors  of  the  National  Electric  Light 
Association  : 
Gentlemen  :  I  have  carefully  examined  the  books  and 
vouchers  of  the  treasurer  of  your  association  for  the  fiscal  year 
ended  January  i,  1905,  and  certify  to  the  correctness  of  his 
report  herewith  attached. 

I  have  further  examined  the  accounts  to  and  including  May 
15'  1905'  «'"<i  found  all  receipts  and  disbursements  properly 
accounted  for,  and  available  cash  in  bank  and  office  as  of  that 
date  to  the  amount  of  $13,030.26. 

Respectfully  submitted, 

C.  N.  Jelliffe,  Auditor. 
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(On  motion,  the  report  was  approved  and  ordered  to  be 
placed  on  file.) 

The  President:  The  next  business  is  the  preliminary  draft 
of  the  report  of  the  coinniittce  on  rates  and  costs.  Mr.  Charles  L. 
Edgar,  chairman. 

On  motion  of  Mr.  Williams,  the  report  was  received  and 
its  publication  referred  to  the  executive  committee. 

On  motion,  the  following  resolution  was  adopted : 

Wherkas,  It  is  greatly  to  the  advantage  of  our  members 
to  obtain  as  ]>roniptly  as  |x)ssible,  and  frotn  authoritative  sources. 
exact  information  concerning  the  characteristics  and  value  of 
important    developments   in   the   electrical   field ;   therefore  be   it 

Resolved.  That  the  executive  officers  be  and  hereb\"  are 
authorized  to  expend  during  the  fiscal  year  1965-6  not  to  exceed 
five  hundred  dollars  in  procuring  such  electrical  tests  as  in  their 
judgment  are  advisable,  from  a  con>petent  testing  laboratory, 
and  report  the  same  as  promptly  as  possible  to  each  member. 

On  motion  of  Mr.  Samuel  Scovil.  the  following  resolution 
was  adopted : 

The  attending  delegates  at  this  twenty<Mghth  convention  of 
the  National  Electric  Light  .Association  desire  to  express  in  the 
most  heart)-  manner  their  appreciation  of  the  work  of  the  several 
committees  on  arrangements  in  connection  with  this  annual  con- 
vention ;  a  work  that  has  been  so  well  done  that  each  person 
who  has  had  the  g(X)d  fortime  to  make  this  visit  to  these  two 
beautiful  cities,  situated  so  uniquely  in  the  shadow,  as  it  were, 
of  these  far-famed  and  imposing  mountains,  must  carry  away 
with  him  the  most  pleasing  recollections  of  Denver  and  Colo- 
rado Springs  and  the  citizens  thereof. 

To  the  mayor,  Robert  W.  Speer,  who  so  felicitously  wel- 
comed us  to  Denver  at  the  opening  of  these  proceedings,  we 
express  our  most  hearty  thanks  for  his  courtesy ; 

Also  to  Mr.  Henry  Russell  Wray,  the  secretary  of  the  Colo- 
rado Springs  Chamber  of  Cotnmercc,  for  his  efforts  to  make 
our  stay  in  his  town  one  long  to  be  remembered ; 

.Mso  to  all  general,  special  and  ladies'  committees  for  their 
work  in  our  behalf,  and  to  all  the  local  and  central  stations  for 
their  assistance  in  like  matters  ; 

Also  to  the  railroad  companies  for  their  excellent  arrange- 
ments for  our  comfort,  and  to  the  local   press  «^>f  Denver  and 
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Colorado  Springs  for  their  excellent  reports  of  the  proceedings 
of  this  convention. 

Before  we  came  here  there  was  doubt  expressed  by  some 
of  the  people  connected  with  this  association  as  to  the  wisdom 
of  coming  to  Denver  and  Colorado  Springs.  Results  obtained 
are  always  the  supreme  test  of  ability  to  accomplish  things.  Thus 
judged  with  reference  to  this  convention,  the  arrangements  for 
its  meetings,  and  the  entertainment  of  its  delegates,  Denver  and 
Colorado  Springs,  in  the  minds  of  attending  delegates,  must  be 
placed  at  the  top  of  the  list  as  good  places  indeed  for  all  societies 
holding  annual  meetings  to  convene. 

The  following  letters  were  read,  inviting  the  association  to 
hold  its  next  meeting  at  Brooklyn  or  at  Buffalo: 

To  THE  National  Electric  Light  Association, 
Denver,  Colorado. 

Gentlemen  :  The  privilege  of  entertaining  the  association  _  at  its 
next  annual  convention  is  requested  by  the  Edison  Electric  Illuminating 
Company  of  Brooklyn,  New  York.  Manhattan  Beach,  adjoining  Brook- 
lyn, is  a  place  of  high  character,  with  large  hotels,  located  right  on  the 
ocean,  and  offers  exceptional  accommodations  for  our  members. 

The  hotels  are  within  an  hour  of  the  heart  of  Manhattan  Island, 
and  the  New  York  Edison  Company  would  join  in  making  the  meeting 
memorable  from  every  possible  point  of  view. 

We  offer  the  advantage  of  a  meeting  centre  removed  from  the  noise 
and  bustle  of  a  great  city,  combined  with  all  the  attractions  that  a  great 
city  can  offer.  In  addition  to  amusements  of  every  kind  and  a  wealth 
of  attractions,  there  are  no  less  than  seven  great  power  stations,  includ- 
ing those  of  the  Metropolitan  Railroad  Company,  the  Manhattan  Elevated 
Railroad,  the  great  station  of  the  underground  system,  the  present  and 
approaching  Waterside  stations  of  the  New  York  Edison  Company,  and 
the  work  of  unprecedented  magnitude  in  railroad  engineering  of  the 
Pennsylvania  and  New  York  Central  railroads. 

Manhattan  Beach  is  the  meeting-place  of  the  Street  Railway  Associa- 
tion during  the  present  month — an  as.sociation  that  requires  accommoda- 
tions even  greater  than  those  necessary  to  meet  the  needs  of  our  own 
association. 

Trusting  that  it  may  be  practical  to  accept  this  invitation  and 
confer   this    privilege    upon    us,    I    am 

Truly  yours, 

Nicholas  F.  Brady. 

Bureau  of  Conventions  and  Industries 

OF  the 

Chamber  of  Commerce  of  Buffalo 

J.  E.  Stephenson,  Chairman  F.  Howard  Mason,  Secretary 

Buffalo,  N.  Y.,  May  ii,  1905. 
Mr.  Ernest  H.  Davis, 

136  Liberty  Street,  New  York. 
Dear  Sir:     We  have  been  in  communicaticn  with  Mr.  Charles  R. 
Huntley,  of  this  city,  relative  to  securing  next  year's  convention  of  the 
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National  Electric  Light  Association  for  Buffalo,  and  we  are  advised  by 
him  to  request  an  opinion  from  you  concerning  the  advisability  of  making 
an  effort  to  secure  this  much  coveted  honor  for  this  city. 

It  is  sixteen  years  since  your  organization  met  here,  and  we  arc 
assured  by  Mr.  Huntley  that  he  will  be  very  glad  to  see  the  convention 
brought  to  Buffalo. 

Will  you  kindly  express  your  views  on  this  subject,  and  greatly  oblige 

Very  truly  yours, 

Richard  C.  O'Keefe, 

Assistant  Secretary. 


(On  motion,  the  invitations  were  referred  to  the  executive 
committee.) 

The  President:  We  will  now  take  up  the  Question  Box, 
Mr.  Homer  E.  Niesz,  of  Chicago,  editor. 

Mr.  Niesz:  The  Question  Box  will  have  to  speak  for  itself; 
I  will  simply  read  the  introduction. 

(The  Qt4cstion  Box  is  to  be  frmnrl  in  full  in  Volume  II  of 
the  proceeding's.) 

Mr.  Arthur  Wiliianis  presented  his  report  on  municipal 
ownership. 

On  motion  of  Mr.  DeCamp,  Mr.  Williams'  report  was 
received  and  ordered  filed  as  an  official  record  for  the  use  of  the 
members  of  the  association. 

Mr.  Arthur  WiUiams  presented  the  following  report  relat- 
ing to  the  demise  of  certain  members  of  the  association : 

It  is  with  profound  regret  that  we  must  record  the  death  of 
two  of  our  honorary  members,  George  T^.  Bowen  and  Baron  de 
Rothschild,  and  of  four  of  our  active  members,  Charles  H. 
Peters,  George  W.  Davenport,  A.  P.  Goddard  and  Edward  A. 
Leslie,  since  the  close  of  the  last  convention. 

To  George  L.  Rowen  may  largely,  if  not  entirely,  be  given 
the  credit  for  the  organization  of  this  association.  He  might  be 
designated  the  Father  of  the  National  Electric  Light  Associa- 
tion. 

Baron  de  Rothschild  was  always  interested  in  science  and 
invention,  as  in  art  in  many  other  directions;  but  his  connec- 
tion with  the  practical  work  of  the  association  is  not  clear. 
Honorary  membership  was  probably  conferred  upon  him  because 
of  his  general  prominence  in  matters  referred  to,  and  because 
of  his  well-known  and  keen  interest  in  the  electrical  development 
of  this  country. 
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Charles  H.  Peters  was  long  an  active  member  from  the  state 
in  which  the  present  convention  is  held.  It  is  a  matter  of 
regret  that  he  could  not  have  lived  to  attend  the  first  convention 
of  the  association  in  which  he  was  so  much  interested  that  could 
be  really  called  a  western  convention, 

George  W.  Davenport,  of  the  Niagara  Falls  Power  Company, 
was  most  active  in  the  association  for  many' years.  His  efforts 
in  behalf  of  the  association  in  increasing  interest  in  the  meetings 
and  the  membership  will  long  be  remembered  by  those  who 
were  privileged  to  work  with  him. 

Mr.  A.  P.  Goddard,  president  of  the  Freeport  Railway, 
Light  and  Power  Company,  a  valued  member  of  the  National 
Electric  Light  Association,  died  at  his  home  in  Freeport,  111., 
on  Tuesday,  February  12,  at  the  age  of  seventy -two.  He 
was  born  in  Franklin  County,  N.  Y.,  but  his  family  removed  to 
Freeport  when  he  was  two  years  old.  Mr.  Goddard  was  promi- 
nently identified  with  the  development  of  Freeport,  having 
served  as  alderman,  mayor  and  member  of  the  board  of  super- 
visors. He  also  served  in  the  Civil  War  as  first  lieutenant  in 
the  Illinois  Volunteer  Infantry,  and  was  brevetted  a  captain 
for  honorable  service.  Mr.  Goddard  was  a  prominent  Free- 
mason. 

Mr.  E.  A.  Leslie,  vice-president  of  the  Edison  Electric 
Illuminating  Company  of  Brooklyn,  died  at  his  residence 
on  Monday  afternoon,  June  5,  as  we  were  gathering  at  this  con- 
vention. Mr.  Leslie  was  born  at  Harrisburg,  Pa.,  in  1849. 
After  a  varied  experience  in  the  telegraph  field — ^as  manager  of 
the  Western  Union  Cable  Department  in  New  York,  as  super- 
intendent of  the  Mutual  Union  Telegraph  Company,  head- 
quarters in  Washington  (1882),  as  superintendent  of  the 
National  Telegraph  Company  (1884),  as  superintendent  of  the 
Baltimore  and'  Ohio  Telegraph  Company,  Western  Division 
(1885),  as  general  superintendent  of  the  latter  company,  with 
headquarters  in  New  York — ^he  afterward  became  connected  with 
the  Consolidated  Telegraph  and  Electrical  Subway  Company, 
and  in  1888,  became  manager  of  the  Manhattan  Electric  Light 
Company  of  New  York,  afterward  consolidated  with  the  New 
York  Edison  Company.  He  held  this  position  until  190 1,  when 
he  became  general  manager  and  vice-president  of  the  Edison 
Electric   Illuminating^ompany  of  Brooklyn.     At  the  time  of 
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his  death  he  was  secretary  of  the  Association  of  Edison  Electric 
Illuminating  Companies  and  a  director  and  treasurer  of  the 
Electrical  Testing-  Laboratories.  Mr.  Leslie  took  a  prominent 
part  in  the  affairs  of  the  association,  and  for  some  time  past  had 
been  looking  forward  to  this  meeting.  He  was  a  man  of  many 
friendships  and  strong  character  and  personality. 

I  submit  this  as  a  memorial  of  our  deceased  members. 

Arthur  Williams. 

Thk  President:  We  will  now  have  the  report  of  the  com- 
mittee on  relations  with  kindred  organizations.  Mr.  James  I. 
Ayer,  chairman.     Mr.  Williams  will  read  the  report. 

(After  the  reading  of  the  report,  on  motion,  it  was  accepted 
and  referred  to  the  incoming  executive  committee,  to  take  such 
action  on  the  same  as  might  be  deemed  proper.) 

The  report  of  the  executive  committee  was  read  by  Secre- 
tary Farrand,  and  was  accepted. 

The  report  of  the  committee  un  standard  rules  for  electrical 
construction  and  operation,  Mr.  Charles  L.  Edgar,  chairman, 
was  read  by  Secretary'  Farrand.  Mr.  Edgar  explained  the 
incompleteness  of  the  report  on  the  ground  that  the  com- 
mittee did  not  get  from  the  underwriters  the  finished  draft  of 
the  revision  of  rules,  and  so  forth,  in  time  vo  make  a  com- 
plete report. 

On  motion  of  Mr.  Williams,  the  report  was  referred  to  the 
executive  committee,  with  poAver. 

Mr.  Niesz  :  Before  we  adjourn  I  wish  to  move  a  vote  of 
thanks  from  the  association  to  the  retiring  president  and  other 
officers,  for  the  very  efficient,  masterly  and  successful  manner 
in  which  the  affairs  of  the  association  have  been  conducted  dur- 
ing the  administration  just  closed. 

Mr.  Williams:  I  heartily  second  the  motion,  and  suggest 
that  it  be  taken  by  a  rising  vote. 

(The  motion  was  unanimously  carried  by  a  rising  vote, 
after  which  the  meeting  adjourned.) 


ENTERTAINMENT 


Though  it  is  unusual  to  note  in  the  books  of  proceedings 
the  entertainment  furnished  the  delegates  and  their  friends  at 
conventions,  an  exception  must  be  made  in  the  case  of  the 
Denver-Colorado  Springs  meeting,  because  of  its  unusual  char- 
acter and  extent. 

When  it  was  decided  to  hold  the  twenty-eighth  convention 
west  of  the  Mississippi,  both  Denver  and  Colorado  Springs 
wished  to  entertain  the  association,  and  it  was  finally  arranged 
to  hold  the  business  meeting  in  Denver  for  three  days,  and  then 
adjourn  to  Colorado  Springs  for  three  days  of  sight-seeing 
and  amusement  of  various  kinds. 

While  the  business  of  the  convention  at  Denver  was  not  neg- 
lected, as  the  foregoing  pages  will  testify,  the  "City  of  Light"  did 
not  allow  the  delegates  to  become  dull  through  a  course  of  "all 
work  and  no  play."  On  Monday  evening,  June  5,  an  informal 
reception,  with  music  and  dancing,  was  held  at  Brown  Palace 
Hotel,  On  Tuesday  afternoon,  the  ladies  were  taken  for  a  drive 
and  luncheon  at  the  Country  Club.  There  being  no  business 
session  in  the  evening,  all  were  invited  to  a  theatre  party  at 
Elitch's  Gardens. 

Wednesday's  second  session  was  held  in  the  evening,  in  order 
to  enable  the  delegates  to  attend  a  broncho-busting  contest  in 
the  afternoon  at  Denver  Athletic  Club  Park,  this  being  to  many 
of  them  a  novel  experience.  Some  of  the  worst  bronchos  and 
the  best  riders  in  the  West  were  brought  together  for  this  con- 
test, and  it  proved  of  very  great  interest  to  all  who  witnessed  it. 
In  the  evening,  the  ladies  were  again  taken  to  the  theatre,  and 
after  the  business  session  the  men  attended  a  smoker  at  Coliseum 
Hall. 

While  the  members  attended  closely  to  the  work  of  the  con- 
vention until  a  late  hour  on  Thursday,  the  ladies  were  taken  in 
the  street  cars  and  automobiles  to  various  points  of  interest  in 
and  about  Denver.  In  the  evening  the  George  W.  Cook  Drum 
Corps  gave  a  serenade  in  the  rotunda  of  the  hotel. 


COLORADO    SPRINGS 

Cto  Friday  morning.  June  9,  the  entire  parly  was  transporte< 
td^CblWado  Springs,  arriving  in  time  to  get  comfortably  settled  in 
the  rooms  reserved  for  them  at  the  various  hotels.  The  Antlers 
was  the  headquarters,  but  even  its  large  hospitality  was  unequal 
to  the  numbers  that  thronged  to  visit  this  beautiful  town — one 
of  the  wonder  spots  of  the  world ;  but  the  work  of  the  hotel  com- 
mittee had  been  well  done,  and  all  were  comfortably  established 
and  well  cared  for.  The  El  Paso  CluK  The  Elks  Club  and 
the  Pike's  Peak  Club  had  opened  their  doors  to  all  who  wished  to 
accept  the  courtesy,  and  many  of  the  delegates  availed  them- 
selves of  it. 

Immediately  after  luncheon,  carriages  were  furnished  and 
the  visitors  were  driven  wherever  they  wished  to  go.  The  power 
plants  were  visited.  In  the  evening  there  was  a  concert  and 
dancing  at  Broadmoor  Casino. 

On  Saturday,  special  trains  took  the  delegates  to  the  Cripple 
Creek  district,  and  this  trip  occupied  the  entire  day,  luncheon 
being  served  on  the  train.  In  the  evening  there  was  an  informal 
dance  at  The  Antlers. 

On  Simday,  carriages  were  furnished  to  take  the  delegates 
to  points  of  interest  not  visited  on  Friday.  There  was  also  a 
trip  to  sec  the  sunrise  from  Pike's  Peak,  which  was  taken  by  a 
large  number  of  the  delegates. 

It  would  be  impossible  to  describe  all  the  points  of  interest 
visited,  but  every  one  was  delighted  with  the  entire  entertain- 
ment, and  went  home  believing  that  Colorado  and  its  citizens 
were  in  the  highest  degree  charming. 
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TRADE       MAR'-. 
REG,  US    PATENT     OFFICE 

For  underground,  aerial,  submarine,  switchboard 
and,  in  fact,  general  use,  where  an  insulated  wire  is 
required,  it  has  no  equal. 

This  is  the  unanimous  opinion  of  Electrical  Engi- 
neers and  Station  Managers  all  over  the  country,  after 
years  of  use  under  the  most  exacting  conditions. 

ONLY  ONE  GRADE  MANUFACTURED 
AND  THAT  THE  BEST 

Therefore,  in  buying  *'Okonite"  no  chances  are 
taken  of  being  supplied  with  an  inferior  article  to 
meet  a  "cut"  in  price. 

A  fact  which  cannot  be  too  strongly  emphasized 
is  that  a  low  grade  of  wire  is  not  only  a  source  of 
danger  and  an  annoyance,  but,  in  the  end,  of  far 
greater  expense  than  a  high  grade. 


TUA3E  MARK 
BEOO.S  PAT. OFFICE. 


moral: 

USE 

OKONITE" 


ON/ 


TSAOE  MARK 
flEG  US  PAT. OFFICE 


PRICES  ON  APPLICATION 

Sole  Manufacturers  of  Okonite  Tape.  Manson  Tape, 
Candee  Weather-proof  Wires  and  Candee  Patented 
Pot  Heads. 

THE    OKONITE    COMPANY 

LIMITED 
253    BROADWAY,    NEW   YORK 
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DO  YOU  KNOW 


THAT 


COLUMBIA  CARBONS  are  being  used 
in  (n>er  ninety  per  cent  of  the  enclosed  lamps 
in  the   United  States? 

Awarded  ''GRAND   PRIZE"    St.    Louis. 


THAT 


COLUMBIA  BRUSHES  are  in  greater  de- 
mand than  anv  other  make — that  they  SAVE 
CO  M  M  U  TATO  RS,  are  PERMA- 
NENTLY LUBRICATING,  LOW  IN 
RESISTANCE,  NON-CUTTING,  PRE- 
VENT SPARKING,are  UNEQUALLED 
FOR  OVERLOADED  MACHINES, 
and  OUTWEAR  ALL  OTHERS t 

Awarded  ''GRAND    PRIZE"    St.   Louis. 


THAT 


COLUMBIA  DRY  CELLS  are  being  used 
by  nearly  all  of  the  leading  telephone  companies 
in  the  United  States.  That  they  are  unequalled 
/or  gas  and  gasoline  engine  ignition,  that  ALL 
CARS  that  broke  "WORLD'S  TRACK 
RECORDS"  last  season  were  equipped  with 
COLUMBIA  DRV  CELLS t 

Awarded   "GRAND   PRIZE"    St.    Louis. 


National  Carbon  Company 

CIiEV£I.AlVD.  OHIO 


Ix 


"WOOD 


"  PREPAYMENT 
WATTMETERS 


are  approved  by  the 


National   Board   of   Fire   Underwriters 

You  saw  them  at  the  Cooventlon  at  Denver 
and    yoa    remember    how    they    excelled 


Type  K  Mctar 


Type  W  M«ter 


The  number  of  coins  to  the  consumer's  credit  is  always 
clearly  shown  upon  the  dial.  A  coin,  once  inseried,  cannot  be 
removed  without  breaking  the  seal,  and  opening  the  money  box. 
The  coin  for  which  the  meter  was  designed  is  the  only  one  with 
which  it  can  be  operated.  The  switch  opens  the  circuit  at  four 
distinct  points.  The  switch  is  o(  the  luminated  type  designed 
along  the  lines  of  the  modern  circuit  breaker. 

WE  BVU.D  METeifS  FOK  USE  WITH  BOTH  DIMBS 
ASO  QUARTERS  FOR  ANY  RATE  PER  KW.   HOUR 

FORT  WAYNE  ELECTRIC  WORKS 


FORT  WAYNE,  INDIANA 
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Electrical  Testing 
Labo  ratories 


Electncftl  Tests  and  Standardizations 


Check    of    IndicAtin^,    Recordinf^    and    InteRratlnf? 

lostrumeats  and  uf  InBtnuneiit  Traiuifurmere 
Tests  iif  eonductlTity  and  tensile  •tr«ii^th  of  wirex 

and  other  conductors. 
High  tension  and  reaistaooe  temXa  ot  insulatora. 
FermeAbltlty  and  Hysteresis  measurenMntB  of   irob. 
OHOtUoKraph  nod  Wave  Form  meftsuraments. 
Tests  of  dvnamoB,  motors,  transformeni,  rheostata, 

clrcoit-breaken,  fusea,  etc. 
InapactioDs    and   Acceptance   Testa   of   conductors, 

iDSulators,  Instruments,  trkasforniera,  machines 

and  Apparatus  geuerally. 


Photometric  and  Lamp  Tests 


Meamuvmeats  of  diMributioD  nf  llcbt. 

Spectro-photomctrlc  dett>rmlnat(ons. 

Photometric     and     Life     tests     upon    Inoandeeoent 

Lamps  and  Arc  Lamp  Carbons. 
Sacondary  Standards  of  Candle  Power  fumlslied. 


Special  Investigations  and  Tests 


Our  instrumeutAl  eqiiipmeint  ia  UDiuually  complet«. 
Our  stall  is  skilled  Aod  reliable.  We  can  supply 
D.  C  to  150  K.  W.,  A.  C.  Ui  9flO  K.  VT  ,  D  C.  pressure 
lo  KI.IIO)  volts,  A.  C  pressure  to  19),0(lO  vi.lts,  D. 
C.  or  A.  C.  current  In  ijlOO  amperes.  All  these  are 
available  for  regular  or  special  work  which  will 
be  undensken  at  reASdcable  prices. 


Electrical  Testing  Laboratories 

80th  street  and  EAST  RIVER,  NEW  YORK,  N,  Y. 

===^  Telephone.  3959  79th  Street 
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Allis-Chalmers  Co. 

Milwaukee,  Wis..  U.  S.  A. 

Complete  Equipments  for 

Lighting,  Power  and  Traction 

• 

1 

flOO  k.  w.  Bullock  Roury  Converter  Installed  at  Sub-Sta 
Shawinij;an  Water  and  Power  Company. 

Bullock   Rotary    Convei 

Liberal  Design— Graceful  Outlin 
Large  Overload  Capacity 

tion  of 

rters 

Bullock  Electrical  Apparatus 

L 
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Sanderson  ^  Porter 

ENGINEERS 
CONTRACTORS 

EXAMINATIONS  AND  REPORTS        SPEGIFIGATIONS  AND  DESIGNS 

Complete  Confttruotlon,  Equipment,  Supervielon  and 
Management  of 

Electric  Railway,  Light  and  Power  Plants 
Hydro-Electric  Developments 

52  Williatn  Street,  New  York 

Cable  Address:  "SANDPORT" 


ELECTRICAL  WORLD 

Sm     ENCINEER 

The    oldest    and    foremost    electrical    pappr. 
Prints  the  most  read  ing  pages. 

Hiis  tbe  most  readers. 

Prints  the  greatest  number  of  adveriisemente. 

The  best  advertising  medium. 

The   Only    Electrical    Weekly 
Paper   that  Tells   Its  Circulation 

Subacriptiun  $3.00  per  anauin.     Advtrtising  ratea  on  request 

McGraw    Publishing   Company 

114  Liberty  Street       New  York 

Write  for  Book  Catalogue 
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INDIA   RUBBE.R    AND    GUTTA 
PERCHA    INSULATING    CO. 

Authorised  M&nufacturera  of 

HABIRSHAW 
WIRES  and  CABLE,S 

Red  Core       White  Core       BlacK  Core 

rOR  ALL  SERVICES  HIGB  AND  LOW  PRE3SUA.E 


Main  Office  &nd  WorKs:  Yonkers.  N.  Y. 

Sales  Office:  No.  IS  Corllandt  Sf..  New  York  City 

W.  M.  HABIRSHAW,  Generkl  MBDa|«r 


Read 


"ELECTRICITY" 

The  only  ONE  DOLLAR  a  year  E,LE.C- 
TRICAL  WECKLY  in  the  world 


SAMPLE.  COPY  FRE.E 


Electricity   Nie^rapaper   Co. 
136   Liberty  Street 

NEW  YORK 
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1 

The  SPRAfilE  ELECTRIC  CO. 

MANUFACTURES 

FOUR  TYPRS 

1 

1 

CONDUIT 

AND  A  FULL  LINE  OF 

FLEXIBLE  STEEL 

1 

ARMORED  CONDUCTORS 

^^^M 

OUTLET  BOXES  and  FITTINOS 

THAT  flLflLL  tVlRY  RE^UIRLMINI  OF 

ELECTRIC  WIRING  CONDITIONS 

^^^H 

General    Offices 

527-531     WEST    34th    5TREET 

NEW    YORK 

1 

Interior         Underground         Marine 

1 

I 
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EFFICIENCY 

This  is  the  first  consideration  in  the  design  of 

Garton    Lightning  Arresters 

In  every  detail  this  feature  has  had  our  careful  study — 
air  gaps,  resistance  materials,  insulation,  cut-out,  etc. 
The  result  — an  increased  sale  every  year  since  the 
founding  of  this  business  in   1892. 

Made  for  all  classes  of  Electric  Railway,  Light  and 
Power  lervice. 

Garton-Daniels  Company, 

KEOKUK.    IOWA 


The  History  of 
Erlectric  Lighting 

from  the  first  experimenUil  steps  In  the  early  days  tn 
tbe  BccompliBlimcnt«  of  tbe  pri'Sent  tims.  i»  reflected 
in  all  its  dev«lopmcDl6  Id  Ihp  tiles  of  the 

Electrical   Revieiv 

The  Oldest  Clectrical  Weekly 

Beyond  all  other  technical  journals,  it  is  tRsentiHl  10 
the  man  who  woxild  be  well  informed  on  electric  light 
ing  nnd  power.  SubBcription  price  $RM  per  annum; 
foreign  subscription  |6.00. 

ELECTRICAL  REVIEW  itw'y^KK 


Ciiicifio 

IfiOl  Pliker  BIdK. 


BOSTOa 
161  I>(>T»niklra  Ht. 


41  ON  Broftd  St. 
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J.  G.  WHITE  d,  COMPANY, 

tNCOn^ONATED. 

ENGINEERS.  CONTRACTORS, 
43-49    EXCHANGE    PLACE,  NEW    YORK,   N.   Y. 

(NOINCCniNa     DCPARTMtNT  : 

Report*  made  on  Electric  KailwAys,  ElfH'tric  Lijfht  ami  Power 
Propertie«,  8t«^aiu  Railways,  pU-  ,  eto..  for  Triii<t  C-jinpiiiiies, 
Bankers  and  Investurs.  Hepai-ato  Mpchanioal,  Electrfcttl,  CiTil 
and  Hydmullc  EnKltieerini;  Dppartineut>>  Acts  as  CunsultlDg 
or  SuperriBing  Enf^lneers  for  KurV  erabrnced  in  any  of  Its  de- 
partments. 

eoNBTnucTiOM   ocpartmcmt: 

Electric  RaIIwuvk,  Electric  Llebt  aod  Power  Plants.  Rteam 
Railroadsi,  Water  Works.  Ohh  Wurfca,  etc.,  etc.,  built  oo  basis  of 
either  fixed  amount  or  actual  cost  and  supervisiug  fee. 

OPCHATINC    OtVaMTMINT: 

Electric  Railways.  Electric  Light  and  Power  Plants,  Gas  Works. 
Water  Works,  etc.,  operated. 

riNANcc   dcpartmcnt: 

A^alstancv  ^Iven  in  nnancinK  ineritiiriou»piiter|.>riifcKfor  Publli' 
Serrlct'    UtOitii's,  Transportation   or  Indualrlai  Purposeti. 

LONDON    CORRESPONDENTS, 

J.  G.  WHITE  &  COMPANY.  LTD.. 

27*     COLLEGE    HILI.,    LONDON,    C.    C. 
CANA[}tAN   CORRESPONDENTS, 

THE    CANADIAN  WHITE  COMPANY,  LTD. 

SOVERCICN    B*MH    BUILOING,    MOMTnEJkL.    CANApA. 

PRINCIPAL     PHILIPPINE    OrnCE,  MANILA.    P.    I. 


CENTRAL   STATION    LIST 

and    BUYERS'    MANUAL 

13  THE 

Most    R^eliable     Directory 

OF   THE 

Electric  Lighting  Industry 

It  contains  complete  and  accurate  repoi^s.  rpvixed  h«  ml -annually. 
fron>  the  central  station  companies  and  munlcipnl  li^hilnf;  plant.n  of 
North  America,  luctudea  the  exact  title  of  each  company;  offlue  ad- 
dress :  nnmesi.  addreaaea  aod  positions  of  ofllct-rti :  nature  of  steam  and 
eenerntine  plant,  wltb  capacity,  and  name  of  luanufaeturer :  volt- 
AKe  of  ttyHtem  :  number  and  stvie  of  motors,  arc  lumpH,  iiiuandescent 
lampo,  etc.;  day  circuits;  capItalliatloD  ;  nature  of  city  cootract.  and 
price  of  liicht!) ;  and  c<ther  technical  and  financial  data. 

Published  Saml-aanuallr.  March  artd  Septambar 

Subscription  Price,  $4.00  per  Year 

NO   SINGLE   copies    SOLD 

Address  all  orders  to 

CENTRAL  STATION  LIST 

114  Liberty  Str«et»  NEW  YORK 
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WESTON 

Electrical  Measuring  Instruments 


The  continued  development 
and  toiprovement  la  the  well- 
known  We5ton  Instruments 
has  resulted  In  the  present 
pracHcally    perfect    models. 


WESTON  STANDARD 
AMMETERS  are  the  best 
testing  circuits. 


'^^'Ji 


PORTABLE   VOLTMETERS  AND 
instruments    available    for    use    in 

WESTON  LABORATORY 
STANDARD  INSTRUMENTS 
are  the  most  sensitive  and  accu- 
rate obtainable.  They  are  recog- 
nized and  used  as  Standards 
ihroujjhout   the   worid. 

[.OW  PRICED  PORTABLE 
INSTRUMENTS  are  sold  by  the 
Wrstoii  Company  for  use  where 
extreme  accuracy  is  not  required. 
Even  in  iHcac  low  priced  insiru- 
menis  ihc  usual  perfection  of  work- 
manship peculiar  lo  Weston  prod- 
ucts is  exhibited. 


WESTON  SWITCHBOARD  INSTRUMENTS  of  the  follow- 
ing types:  ILLUMINATED  DIAL.  ROUND  PATTERN. 
EDGEWISE,  DUPLEX,  in  large  variety  of  sizes  and  ranges  are 
the  best  made  mechanically,  as  well  as  electrically.  They  are 
unsurpassed  in  points  of  low  consumption  of  energy  and  indicate 
instantaneously  any  variation  in  the  circuits. 

Catalogues  givInK  lull  description  of  atl  types  ol  Itutruincnlft 
will  b«  mailed  promptly  upun  application  lo 

Weston  Electrical  Instrument  Co. 

MAIN    "FUrF.    ANI»    VSORKS 

Waverly  Park,  NEWARK,  N.  J.,  U.5.  A. 

NEW   YORK    OFFICE,    74   COXTLANDT   STREKT 
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CIRCULAR  LOOM 
and  ELECTRODUCT 

The  PIONEER   and  IDEAL    CONDUITS 
FOR      INTERIOR      WIRING 


c»ftcuu^ 


Approved  by  all  Boards  of  Fire  Underwriters  in  the 
United  States.  Endorsed  and  used  by  Architects, 
Electrical  Engineers  and   Contractors      :: 


American    Circular 
Loom   Company 

CHELSEA,  MASSACHUSETTS 

New   York:  R.  B.  Corey,  26  Cortlandt  Street 

Chicago:  Thos.  G.  Grier,  128  W.  Jackson  Blvd. 

San  Francisco:  J.  R.  Cole  Co.,  660  Mission  Street 

Ixxix 


^M 

The  Emersofi  Electric  Mfg.  Co. 

1 

Reliable 

H 

Direct- Current 

H 

Motors 

■ 

1-20    to    2  1-2  H.  P. 

^ 

JLj^_^^^\^^^^^^^^ 

1 

1 

Induction  Motors 

1 

l«40  to  1<2  H.  P.  tor  opcrstioB  on  ■InKle-phase  power 
or  liirhlInK  circuit*. 

1 

ThU  compiany  ■n.lntmln.  ■  Urre  .iid  well>asaorted  stock  of  .11  .Ims 
of  small  motor*  at  both  St-  LouU  knd  Noir  York  City, 

Prompt  Shipments 

1 

The  Emerson  Electric  Mfg.  Co. 

St.  Louis,  Mo. 

^1 

BMtern  Oftfcrc   and  Warehoute.   130  Liberty  5t.,  New  York  CKy. 

I 

^^H                                                                                                      ^^H 

HERBERT    S.    POTTER 

Electrical  Engineering 
and    Contracting 

24  COMMERCE  ST.,  BOSTON.  MASS. 


J^ 


Edison  Light  work  a  specialty 
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1 

The  Phoenix  Glass  Co. 

1 

■ 

Manufacturers  of 

J 

1 

Inner  and   Outer  Qlobes 

1 

H 

For  all   Lighting  Systems  possessing 

H 

1 

••PHOENIX  QUALITY" 

1 

Electric  and  Qas  Qlobes, 

H 

Shades,  etc. 

H 

1 

in  Etched,  Rich  Cut  and  Decorated 

1 

Glassware 

H 

for  all  lighting  systems,  our  specialty 

H 

1 

Combininjf  qualiiy,    excellence   and    in 

thorough  harmony  with  prevailing 

designs  of  lighting  fixtures 

^^H 
^^^H 

CATALOOUES    UPON    REQUEST 

The  Phoenix  Glass  Co. 

■ 

NEW  YORK           PITTSBURG           CHICAGO 

I 

L 
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1 

Wagner  Electric  Mfg.  Co. 

EVERY  CENTRAL  STATION  MANAGER 
AND  CONSULTING  ENGINEER 

Should  have  a  set  of  our  bulletins  and 
should  be  on  our  mailing  list.      We  will 
send   our   bulletins  to  you  if  you  will 
advise  us. 

1 

SINGLE  AND  POLYPHASE  MOTORS 

TRANSFORMERS 

■ 

DIRECT-CURRENT  MOTORS 

1 

SWITCHBOARD  INSTRUMENTS 

1 

PORTABLE  INSTRUMENTS 

1 

Main  Office  and  Factory 
ST.  LOUIS,  MO. 

Offices  in  at!  of  the  principal  cities  of  the 
United  States. 

I 

Ixxxvi 
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HOOVEN,  OWENS, 
RENTSCHLER  CO. 

Hamilton,         Ohio 

BUILDERS  OF 

Hamilton -Corliss   Engines 

FOR   SLOW  SPEEDS 

Hamilton  high  speed  Corliss 

FOR   MEDIUM   SPEEDS 


Hamilton -Holzwarth   Tur- 
bines  FOR  HIGH  SPEEDS 

OFFICES 

CHICAGO                                    Marquette  Building 
SAN    FRANCISCO                Chas.  C.  Moore  &  Co. 
NEW  YORK                    39  and  41  Cortlandt  Street 
ST.   LOUIS                            1316  Chemical  Building 
CHARLOTTE,  N.  C. 

ATLANTA                             403  Equitable  Building 
PITTSBURG                                    Empire  Building 

Ixxxvit 
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Stone  &  Webster 

84  State  Street,  Boston 

GENERAL  MANAGERS  OF 

The  Lowell  Electric  Light  Corporation 

The  Seattle  Electric  Co. 

Puget  Sound  Electric  Railway 

Cape  Breton  Electric  Co.,  Lid. 

1 

Jacksonville  Electric  Co. 

The  Minneapolis  General  Electric  Co. 

Edison  Electric  Illuminating  Co.  of  Brockton 

Houghton  County  Electric  Light  Co. 

Brockton  and  Plymouth  Street  Railway  Co. 

The  Houghton  County  Street  Railway  Co. 

Whatcom  County  Railway  and  Light  Co. 

Savannah  Electric  Co. 

The  Blue  Hill  Street  Railway  Co. 

Fort  Hill  Clicmical  Co. 

Tampa  Electric  Co. 

Terre  Haute  Traction  and  Light  Co. 

General  Electro-Chemical  Co. 

Houston  Electric  Co. 

Fall  River  Gas  Works  Co. 

Galveston  Electric  Co. 

Northern  Te.xas  Traction  Co. 

Properties  of 

1 

Columbus  Electric  Co.                                          i 

■ 

El  Paso  Electric  Co.                                             ' 

Dallas  Electric  Corporation 

Ponce  Electric  Co 

J 

I    •       .  -^ . 
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